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PREFACE 

The simple story of a cltton-tlbre iias been made 
difficult in the past, because of a general disinclina- 
tion to recognize the law-abiding habit# of plants, 
and it has not been made* easier by the' tendency to 
regard cotton as a special gift# of Natur^ desimed^to 
man’s use. | Further, our kgowledge^of cottonjbas lagged 
far behind our knowledge of other tfe^ful plants, because 
i^was but rarely that the trained student found himself 
living in *the’ cottoi| areas, and it was still less oft#n 
that—so^iving — Ije possessed* the necessary tools^here- 
witK to exercise liis craft; last^ — having the tcwls — he 
rah the risk of obsession by the financial significance of 
the cotton-plant. 

The main purpose of this book is to present the history 
of the development* of jotton-lint, for although this 
development is essentially normal and simple, it may 
possibly be of some uMmat% us# that the mystery which 
hS,8 enwrapped it should be removed. 

Accessoi^ to this purpose it has been needful to indi- 
cate the manner of the development of the piant onjvhich 
this lint is borne In doing this I .have taken qceasion 
to p9i#t«out iome* of tl^e more recent views and methods 
which th^“ organized common^sense ” of natural science 
has brought to bear on cotton, and also to indioftfe tjje 
practical b^armgs of such ^ew^ and methods. 

•It canjiot be denied that the latter kirn of this book 
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is the more difficult. Praetme draws average lines of 
conduct through the medley- of practical considerations, 
aiRi except in the cultivation of Pure Stra&s, and the 
shortening of the Picking Inteiwals — ^both of which are 
too e*xpejisive to employ efecep't on high-priced cottons — 
the researches have»resulted in little of immediate applic- 
ability.^ J havl e^deavoul‘ed, however, Co leave the matter 
in such aiorm as will enable the results of future sc^ntific 
researches on other plants, and on animals alsoi^to be 
fitted to the special case of f4ie cotton-plant with as little 
waste of time and trouble as may be. * 

My greateit difficulty has been due to the very limited 
app^q- Ly hich my subject makes to a very wide audience, 
whom it IS neverthelesfi^ desirable to reach. The possi- 
bility of a purely popular treatment in this book was 
rejected as too repaSte, besides being dangerous ^with a 
relatively unfinished topic. On the other hand, g^ll 
technicalities and jargon outside f those perlaining to 
cottoi^h^e been deleted* wherever jt was pfacticable 
to dp St). Some care ha^ been taken to facilitate perusal 
by the employment of varied type, and by the use of 
marginal notes indicating the main^ •interest of para- 
graphs as relating to the seed, growing, irrigation, 
ginning, grading, and spinning^ of cdtton. 

Comparatively fpw references are made to the writings 
of previous* authors, andtthk has been done deliberately, 
Jbecause the ifubject has suffered s^erely from injudicious 
copying of accepted statements without verification. A 
list otthe chief works read is appended. 

Thre^ causes have led to this coippar^tive independence 
of treatment. In the first place should he set thi re- 
searehes and influence of lilr. F. F. Blackman, deader in 
Ek)tany in Cambridge Univer|ity, which l^ve revolution- 
ized otfr^fWledge, of the ivoAings of plants, \nd recon- 
stituted the available data. The author was one of th(5se 
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who first applied Mr. Blachnian’s methods to the study of 
Growth, first pf a fungus under the microscope, and then 
tentatively to cotton-plants*growing in the open field.* 
Secondly, a statistical repetition of O’Neill’s work 
on the breaking , strain of ccibton lint Kairs, ma^e by 
Mr. F. Hughes, Chemist to the Egyptian* Miiystry of 
Agriculture, was bf very great* use. Hughes ascer- 

•/>_ P ^ i« m •% % ^ 


tain^ the precise significance of such results, and showed 
from mis that an unexpectedly sisiall number of hairs 
was sufficient to give useAil figures. It having thus 
beeft shown that single-fibre testing was worth doing, 
an automatic machine for doing it was thefnatural out- 
. come, and we now know only the value^of 
but* also their useless features. 

Thirdly, tny own system of routine records of field 
crop, ifi the form of Plant-Developrfent Cifrves, aScumu- 
lufedfrom 1904 to 1914 , has provided abundant material 
from whicTi check dafta could be drawn as occasion arosb*. 

The scope of this volume m&y be criticized a|,^eBibody- 
ing much that should properly find its place in scieq^jific 
journals only. It must not be forgotten, however, that 
the greater numb^^; of its probable readers have not the 
opportunity to consult reference libraries, although the 
subject of “ Cotton ’*in aU its manifestations is far more 
of an entity to them than that of botany. That this asso- 
ciation should have beSi injftriofts to research’ in the past 
is not a valid reason for withholding infoAnation from* 
the growers and users of the future cotton crops. 


W. hAWRENCE BALLS. 


T iTTjjjp’ SLvfv* lyiTtTt 

Oabibridge. 

Jambary 1 , 1916 . 
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THE DEVELOPMENT AND^ 
PEJOPERTIES OF RAWtOTTON 

CHAPTER I 

THE DEVELOPMENT OP PEDIGE^ 

The reader of a book dealing wifh the various lands of 
raw cotton, or with the cotton tradc^will ijotiJe a^very 
large number of tolerably confusing names — Oomrawat- 
tees, Uplarftis, lHlarid% Nyasaland, and so forth. If he 
is engagod^in the i^anufacturing side of the trade, i^jany 
of these will be familiar to him, bpt possibly withoift a*ny 
conception of the differe nt kinds of plant on which they 
are borne. If the gpower’s side of the trade is his affair, 
a few of them will be .very familiar ; but he might even 
fail to recognize plants of unfamiliar kinds for cotton- 
plants at all. 

Reference to works ddhling with the botany of cotton 
may easily bewilder any reader of an inquiring turn of 
mind. Either tbe multiplicity of names leaves him Vith 
the imgrgj^ion ^lat flicseViings are bettor left to botanists, 
or on further inquiry he finds tAat different names-, are 
given to the same kind of cotton. In point of facl^, the^ 
main outlines of the Systematica Botany, of the /Jifltivated 
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cottons are relatively simple, though the details are 
• almost incapable of resolution. 

^ The object of all classificatory, or systefhatic, biology 
was, in the first instance, to« provide a desigifation for 
•every known organism by which it could be 

Ob^^ct of ^conveniently mentioned without circum- 
Classmcation. 

lolution. At a later date the id^ of a 
common ancestry for those forms which we^j^ closely 
similar took root and grew until the old purpose of mere 
convenience was overshadowed by the purpose of tracing 
relationships. For many ^ years after the “Origin of 
SpetdeewiUwas published this newer purpose was* pro- 

C> 

ductivo mainly of argument, but the present century has 
seea.a revival of v^periment in this direction, ^ith con- 
sequent advances in knowledge. 

The end and aim. of such inquify is thus tlie construc- 
tiorf of a genealogical tree which shaH show tSe evolution 
of each organism from extinct or surviving 
ancestors. Such a tree has the advantage 
of being pictorial, therefore easily memor- 
ized, and serving a more definite purpose than the assign- 
ment of names which — to the trade, at least — are merely 
useless duplicates of eisie/ names. 

The genealogy of any cultivated crop is necessarily 
intricate, o;wing to transport of seed from one country to 
another, and to natural or artificial crossing of stocks thus 
obtained, with the consequent^formation of ^anypercial 
varieties which embody not only the original wild varietkiB» 
•but Jnany compounjis of dements inhecited fraetionallv 
from tliem 






rsa raiSHINO of textile FABItHS; 







This intricacy is shown by cotton at least m mnch as 
by any other crop, but only in details. The main out- 
^ * lines are quite* simple in so far as the coln- 
mercial cottons are concerned, especially 
since some of the most obvious differences 
are really* of little importance; thus, although Tree^cotton 
and Annual cotton would appear to Jbe very primary 
divisioi^ for the genus, the actual differences are but 
slight : a difference of a few degrees in the relation of 
growth to temperature, the constitutional power to 
develop one lateral bud instead of anotlfer, or even 
■a change of district only, and the annual bed^ifies 

a tree, or conversely. Similarly, the smoothniBSs or 

• • • * ^ * 

“ fuzzii^ess ” of the seed, which been ridden to 

death in some schemes of classification, is almost an 
accident; various foi^ns of the accidental result happen 
to be coihmoner in some species than in others? biit 
naked-seeded forms aio known now in all the c6m- 
mercial cottons, ^having probably arisen as sudden 
“ sports.” 

Iii constructing a genealogical tree, we are compelled 
to take some account of its trunk, or, for our purpose, of 
the primitive c^ttoiis; but to do*more than 
^oUou ^ glance at ^^lem would carry us into regions 
of controversy. The original, ancestor of 
cotton was probably a hairy annual plant, with rounded 
lea ves,. 4 i^llowii flowers fflotched with crimson and sur- 
rounded by three green leaves, ripening a fruit dividedjinto 
five or more copapartments,^ch containing seeds cdvered 
with a green felt. Eyen to ^stulate snch an ancestor 



4 THE DEVELOPMENT OP RAW COTTON 

is* to* sail dangerously near controversy, but the fate of 
its descendants is less uncerti/E^in» 

the other characters of this primitive cotton were these 
common to related genera within* the suborder Gossypiw (or 
Hibiscce) of the order Malvacce, which is very definitely 
distincl^from tl^e othft: suborders, and includes suclf obviously 
cotton-like plant^ as Hibiscus and Abutilon. All have 
capsule fruits, as Sistinguished from the one-seeded fruitlcts 
of the Mallows, and, in common with all the MalvMce, they 
possess a staminal column, formed by the united develop- 
ment of many stamens into ^ tube which surrounds the style, 

and bears a lyush of stamens externally. 

• 

Sfthe Resent day certain wild cottons are foUnd' 
which Tepresent the descendants of this primitive ancestor 
not s^ very lAuclj itered, such as the wild species Gos- 
sypium sturtii in Australia. The existence of this latter 
lorm indicates that the genus definitely cotton- 
like find probably widely* spread before the Austrahan 
continent was isolated from Eurasia, so that cotton is 
by no means a new genus, even from ja geological stand- 
point. 

The modifications which led to fhe cultivated cottons 
of to-day may bo sketched as follows : 

At an early stage the offspring of some primitive 
cotton-plants tlirew off a group having leaves cut into 

IX. grounded lobes, and of only moderate size. 

Evolfttion of , 

theVjirious tins stock are descended the plants 

Species of which we may group for (f)nveif»n^ as 
Cotton. “Asiatic cottons,” comprising the ma- 

jhrityroi cultivated, India^ cottons, IievE^t cottons 
mth the extinct Cotton of medieval Northern Egypt, 
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and some indigenous African tree cottons (Fig. 1). The 
evolution 6^ lint ” had possibly taken place before 
this grcgip-parent was thrown off. 

Probably much later in the world’s history the primitive 
stock thr«w off another modification, €n wluch the^leaves 
were larger and more or less cut into pointed lobes, the 
blotch of crimson on each flower was rather smaller, and 
the wh(?)[e plant was less wiry than in the Asiatic group. 



To illnstrato tho general cliferences in form and size between the tlireo 
main groups of cotton-plants.* Above, Asiatic ; left, Upland; right, 
Peruvian. 


While forms which m%y well represent the primitive 
ancestor of the Asiatic group are still surviving;^ no ap- 
parent representative of this next offshoot is*known» In 
all probability it did not ^ong exist as ft separate form, but 
undonweffib anSther pedigree-clej^vage, into plants ‘.with 
more deeply cut leaves which retained the yellow ^oVer^ 
and plants yitlf the less cutrfeaves which lost thei/ollow 
flower cojpur (Fig. 1* ‘^nd PL III.). Thj descendants 
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of the two branches of this cleavage have given rise at the 
present day to the “ Peruvian group and tlje “ Uplands 
group ” respectively. The former embraces ^he Sea 
Islands, Peruvian, and Egyptian cottons ; while the latter 
is commonly typified by American Uplands, Qambodia, 
and the Hindi ^eed cotton of Egypt. The origin of the 
former group was probably in Central America, while 
Persia or China is indicated as the original habitat of 
the latter. It should be remembered that the form 

e 

from which^ we have designated the latter group is 
entitled to the honour only 6n account of its commercial 
ilnportance7 having been imported to America from 
Asia. 

It would be inlefesting to attempt to foUow ftie sub- 
divisions of the genealogical tree ^rough the ages, but 
such discussion would be nine-t^ths pure 

^]^nches^ speculation, eked out by fragments of evi- 
dence from dried specimens, from the atlas, 
and from the beginnings of experimental work on 
heredity in cotton, by which the inherited structural 
components are slowly being *analy zed out and traced to 
their source. For our pre^nt purpose it will suffice to 
leave the matter at the simple conception of three main 
branches (PI. IV.), with a few slender twigs coming off 
at iiftervals *to hint to us what the nature of the extinct 
ancestors might have been. 

We may next discuss the origin of the lint itselF(Pk V.), 
§,nd*of its accompanying “ fuzz.” 

.The most primitive of .tflb surviving Sottons vary in 
their seed coalings from a single? coat of fuz?i to idly 
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differentiated fuzz and lint. Whether the modern lint 
is the prim’itive fuzz enlargi^, with a new kind of fuzz 
• below it, or whether the lint is a new de- 
^oTllint ° '"^lopment above the primitive -fuzz, is not 
• easily ascertainable, and* it is, indeed, quite 
possible that evolution may have take|i place in both 
ways. That there is very little essential difference be- 
tween fuzz and lint is quite certain, and in any case the 
original evolution must have taken place by the forma- 
tion of a new layer of seed hairs. Both Imt and fuzz 
exhibit similar colourings, diie to closely similar — if qpt 
identical — chemical substances, • through greens and 
browns to white. It may itot be g^erally known that 
cotton with lint of a vivid emerald *gi^en is somelimes 
fcfbnd in American JJpland, and is known as “Texas, 
wool.” behaviour of th^se colours on crossing is 
the same in lint and fuzz, as also is the distribuMoq of 
lint and fuzz on the sf^ed. 

From the primitive cotton-seed, with its coating of 
fuzz, there thus evolved a seed with t.wo 
Utility of coatings, and ^t may be of interest to con- 
sider the effect ^f siich evolution upon the 
chance of the plant in the struggle for existence. 

It has been repeatedly asserted that the lint is an adap- 
tation for wind distribution, but the probability this 
statement very dubiouk. That open bolls 

^Vind ^ stripped of 4iheir cotton by the .wind 
Distribution. , 

is undemable, but there the matter ,elids^ 

short of a ^'clbne. The sell&^are flot blown oifhone by 

onft as a mloi but in aWook of six or seven; they are too 

m w 
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heavy in proportion to their hair surface to travel more 
than a foot or two before reaching the groun4,’and unless 
the surface on which they fall^is very clean anct tidy — 
which it is not under jungle or meadow conditions— the 
lint rather obstructs than facilitates the further Jbransport' 
of the seed, tlnopgh entangling \)y its movements (as it 
dries or moistens) the projecting portions, of any plant 
or object on which it lies. Moreover, the matted fibres 
hinder the field germination of the seed, and it is easy 
to recognize^self-sown seedlings which have grown from 
fallen seed cotton by their efiiaciated appearance as com- 
pared with seedlings from ginned seed . In point of fact, 
the* modeiTx* cultivated cottorrs do not stand the slightest 
chance under wiM conditions in competition with the 
picanest weeds, although their lint js developed to wh^ 
should be a highly benoficig.! degree. On the o^ier hand, 
though such locks of seed germinate badly, they rarely 
fail to germinate, owing to the moisture-absorbing 
properties of the blanket of lint; and,tt is certain that a 
less, development of lint, insufficient to retard the ger- 
minated seedling, but still sufficient to retain plenty of 
moisture, would give si^ph |eed a very good chance of 
survival in competition with naked seeds under conditions 
where rainfall was intermittent or scanty. The natural 
habitat of cfltton would thus appear to be land with 
ample water beneatH the surface^whioh its long tap-root 
could. ultimately reach, .but with scanty *rainf all. ^n 
such^sjtes the cotton-plant would possess decided ad- 
vantagea t)ver many others ^n any case, Tt iatime that 
the cherished fiction of wind disnerfsal was abandoned.* 
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The subsequent evolution of the fuzz and lint which 
all the three, main groups oi the genus possessed from ^he 
« commencement is best sketched in terms of 
^f^Fu^zz^ unit-factor composition, as ascertained by 
the application of Mendel’s lay.* 

The fuzz in the Asiatic cottons appeal^ to depend on a 
single factor, which may be lost, and naked-seeded sports 
or varieties then appear. In the Peruvian and Upland groups 
there are certainly two factors concerned at least, the loss of 
one o^ them producing a seed with fuzz almost entirely con- 
fined to the two ends of the seed, and the loss oi the other or 
of both producing an entirely^nakcd seed. The appearanco»of 
naked-seeded forms, such as Hindi Weed, within the Upland 
group, and possibly of naked*seeds wMin UplsMd varieties 
thcmsel^fes, would seem to be due to the ftiodern loss Of one 
factor; while the typical nake^d or semi-naked seed of the 
Peruvian group, whiclf is older than history, seems to be* 
duo to the loss of the other factor far back in evolutionary 
history. How far this generalization may go can only, be 
settled by much ]abori<^>us accumulation of data from the 
study of hybrids, but Jt is certainly true in some cases, such 
as a first cross of naked Hindi Weed with the semi-naked 
Egyptian, which is covered* with fuzz like Uplands, and 
behaves in later generations in such a way, as to show clearly 
that two factorial elements are<invo4ved. 

The history of the fuzz«seems thus to be one of analysis, 
the full fuzz of the primitive cotton being progressively split 
up into simpler forms by the loss of factors. That of tly; lint 
is certainly the reverse, new forms appearing by synthetic 
evolidion,t first i)earing lii?b in place of no lint at all, and then 

' A general outline of this subject is given in “ Mendeliam.” 
by Professor R. f. Punnett. I^don, 1911. 

t The appearance of lint, or an increase in its lengtfl,*may be 
interpreted as analytical ‘^volution, if the rfo^ior’s views on 
growth-inhibition ai'e substantiated. *• 
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long lint in place of short lint. Similarly, perhaps, the varia- 
tions in distribution on the may have arisen, but more 
prbbably the primitive lint originated all over Ihe seed coat, 
and has become irregular in its distribution by loss ot factors, 
just in the same way as the fuzz, down to sports which arc 
found 4n Ameg’ican Upland and in Hindi Weed,^ producing 
naked seed with jieither fuzz nor lint ! Similarly, there are 
indications that 'mutations may take place in long-linted 
cottons at the present day, whereby short anceitral lint 
reappears; but the experimental difficulties in keeping a 
cotton-plant’s pedigree untarnished are so great that it«mu&t 
be many ye^rs before any definite statements can be made 
01 ^ this subject 

» f 

It may be considered somewhat absurd to state 
that ^the *Iint Icn^^h in every variety of cotton de- 
Effeot of One inherited factors, in that it 

•Characteristic would seem to demaiti an endK^ss number 
on iUother. of factors, o\* at least one for e^ery eighth 
of an ’inch increase in length. As a matter of fact, no 
such demand is made ; some three lengths at most would 
cover the whole range of raw cottons, 'tne gradations being 
provided by a process for which the author has devised 
the term “Autogenous Fluctuation,” as distinct from 
ordinary Fluctuation Aie tro external circumstances; in 
this process* the manifestation df a character is affected 
by the inherited nature of the plant body on which it is 

boml. Thus, if a 1 J-inch Hnt borne on a medium-sized 

« 

seed is transferred by crossing 4o a^larg^-seeded plant, 
it will rise in length to about 1 J inches; and, conve?8ely, 
if placed in a small-seededj)lant, it will fall to 1 inch. 
Many otner similar effecti, can be traced, dub to the in- 
herited sizQ of Che boU, the leaf arda, branching, *and other 
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more recondite peculiarities. It is to this phenomenon, 
superaddedto a very few con^itutional changes in length, 
that the^whole range of length in different kinds of cotton 
is is due. 

To the ordinary Fluctuation (PI. V.), which acts on 

the constitutional basis just described, producing 

^ . differences between the crops in dijfferent 

Pluctua^on. ^ ^ 

parts 01 the same country and in different 
years, we shall advert when discussing the development 
of the fibre in the principal portion of this book. 

CoMMERCi^ Varieties. 

The subdivision of the i^ree great divisions of the 
genus Crossypium into those ultimate ufiits in which the 
crop is clarified on ^otton Exchanges may be carried^ 
to very fi^je distinctions of hfeed, or it may be very 
rough, according to the social conditions of the country 
of growth. 

As a rule, even in^^ie least fine cottons, the trade name 
covers a population of plants which are fairly closely 
I related, forming a “ subspecies ” of the genus, though a 
different name may be given^n t];ie trade to the produce 
of the same subspecies g^hen grown in another district. 
In any serious cultivation, however, and especially in 
the finer cottons, the subspecies is cut up •into named 
varieties, which hag^e usually origin&ted in the chance 
discovery of some well-favoured plant, and the multipli- 
cation of its descendants. 

The discavefy of such e^ejially good plant# ^mpues 
that the subspecies itdelf is not homogdpfous, since we 
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know that if the abnormality had been simply due to 
accidents of nutrition it ‘would not have ' reproduced 
itself. A few remarks on the material from wl\ich com- 
mercial varieties are thus derived may not be out of 
place. 

We have seen that all cotton-plants can be classified 
on broad evolutionary grounds into three< main species, 

and several equally important, though eco- 

Subspecies. . 

nomically useless, minor primitive species. 
We have abstained from carrying the classification farther 
on account of the absence of experimental evidence, but 
/die next step would Jie the* grouping of all species of 
cottons of. the Peiyivian type, for example, into groups 
of relations, each group being designated a suTt^species. 
The members of a subspecies would all be alik^ to ordinary 
observation, just as all tjie brambles in a hqdgerow arc 
obvio^asly brambles. Closer observation would reveal 
differences other than t'hose due to accident of situation 
and nutrition, whose nature could ^be tested by raising 
offspring from self -fertilized seed. 

If this test be applied to* subspecies of cotton, it is j 
found that many* separate jiomponents which breed true 
, at once go to maj:e up the subspecies, in 

Elementary g larger number of plants which 

Species. , r,,, , 

« • do not breed true. These latter are neces- 

sarily .of hybrid origin, though t]?e crpss which originated 
theni may have taken place even centuries before^ the 
foniier may or may not have originated from a cross. 
Wheife/jhe circumstances ah? such as to JusVfy the pre- 
sumption tha^ they did not originate by crowing — md 
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mch circumstances are rare in cultivated cottons — these 
iefinitely distinct forms are. classified as elementary • 
species,” just* as any gatherW of hedgerow blackberries 
svill havd noticed that twe bushes growing side by side 
may have slight but definite differences ; • the English 
bramble, in point of fact,. can be subdivided into a^large 
number of such elementary species. 

Where t a cultivated subspecies of cotton consists of 
more than one elementary species, the first step towards 
Improvement improvement is the separation of these 
of Cultivated elementary species from - one aaother, and 
Cpttons. ilioix cultivation under distinct names. ^ 
Short of improvements in site, in water-supply, and in 
cultivatipn, this step is also the last#on^ possible, i^ort 
of resort to artificial hybridizing. An elementary species 
is as definite a thing a chemical compound, and may, 
indeed, be fogarded as such, ft cannot deteriorate «ior 
improve its constil-ution. however* much may be donel^o 
improve its environ^ient, nor is it of the slightest use to 
select within it for thb best-looking plants. 

In the commercial Cottoijs, however, no original ele- 
mentary species can yet be traced, altjiough investiga- 
Extinct geifetics of cotton are showing 

Elementary the various ^components of the cultivated 
Species, stocks, and may ultimately pty:mit us to 
declare how those components were combined to form the 
original elementory speciSs from which the stocks arose. 
Thu-s, in the case of Egyptian cotton, we know that §ea 
Island and an indigenous brjim cotton of similaj ^hibit, 
closely resembling mai^ern PeAivian, wore the original 
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components ; we may safely presume that both these oom- 
• ponents had originally consisted of several elementary 
species, so that the pedigree of a modehi variety of 
Egyptian cotton is a very complex bne. 

The origin of these elementary species has ta^en place in 
the slme wajr as for the subspecies and species— namely, by 
abnormal germ-6ell formation. The modern view tends more 
and more towards a physico-chemical conceptior^ of living 
organisms, and in the case of species formation it is being 
more generally accepted that a new species arises from its 
parent species at a single jump. Instead of forming its germ 
cells by syiftmetrical cell division, so that the offspring result- 
ing from reunion of male and fomale cells exactly resemble the 
parent, something goe!& wrong with the physico-chemical 
machinery* of ^ cell division, and abnormal asymmetrical pairs 
of germ cells are fonhed, with the result that, on fusing with 
one of the opposite sex, a representative of ^ new speeses, 
subspecies, or elementary species, is produced. The process of 
sudden origination of new forms in this way is called “ muta- 
tion.” The proof of ite occurrence demands most careful 
experimentation, and, as we mentioned formerly, it will be 
years before such proof can be obtavfed clearly in the par- 
ticular case of the cotton-plant, though it may well be still 
taking place. 

Except* for the puiposet of clarifying ideas upon the 
subject, it is of little immediate use to discuss elementary 
species in the cultivated cottons, since none 

Natural recognizable. This is. due to the fact 

Crossing. , 

that free intercr6ssing taljes place under, 
natural conditions between related forms of c5tton. 
The t Indian group does i^t appear to cross with the 
Uplantf or Peruvian groups, but the two lattfhr can easily 
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Foui’-^venths natural size. The measurements of lint-len|?th used in this l>Qt»k are chiefly made on seeds thus conili 
fluctuation fioin seed to seed nithin the iniie strain, due to external causes. 
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be crossed with onh another. Under field conditions*, 
however, this latter cross is. comparatively uncommon;* 
thus, thouglf the Hindi Weed is common in fields f)f 
Egyptiah cotton, hybridfip between the two are com- 
paratively infrequent. This is due to the pollen tube 
growing faster down the.style of its own kind of ^lant 
than down a foreign style ; consequently, •if both self and 
foreign ppUen reach the style of any flower, nearly always 
the foreign tube will be beaten in the race to the ovules. 

Intercrossing under field conditions is usually confined 
to closely related forms, and from such crossings there 
arise* various recombinations of the factors composing^ 
the parents, and consequently new varieties. The •more 
dissimilaj: the parents are, the greatei;wijl the numbgr of 
recombinations be, and the rarer the chance of such a 
new form Breeding tfue. Still, if further crossing is ' 
excluded, perfectly pure new forms will segregate out fiom 
the mixture, and new varieties will result from their multi- 
plication, equal in d|5finitcness to the original elementary 
species. There is no* very definite convention as to the 
distinction between el&menl^ry species and varieties. 

The amount of natural crossing whiqh takes place in 
cotton under field conditions* was formerly sujiposed to 
be negligible; but the auftior in 1905 showed that about 
6 to 10 per cent, of the cotton-seed in an Egyptian field 
crop was not self-fertilized, and since then it has l^een 
elsewhere shown tliat iSost other commercial cottons 
intercross to about the same extent. The effect of 
crossing is gen% to mix,*an(^io keep mixed, the pedigree* 
of the plants composing.the crofi, so that even if a variety 
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consisted of only two elementary species when first intro- 
duced, it would soon be complicated. , 

t 

< The commercial varieties have usually' been derived 
from single plants, or groups of similar plants, selected 
Origin of these mixtures. Sometimes they have 

Corfimerciar been bred from sn artificial cross, but the 
Varieties, (^i^jerence is slight, unless one of the parents 
was an entirely fresh introduction to the country of growth, 
which has seldom been the case. Often they have not 
been bred down to the pure form before being placed on 
the market^ though externally no marked differences wer0 
obvious. In other cases they have been introduced from 
the beginning in a hopeless state of mixture, such as the 
Ass/li cottom of , Egypt (Fig. 16, Targets 4 and 8^, whereof 
half the flowers were golden-yellow, half light yellow, 
and the length and outturn of Vhe lint showed nearly 
50 ^er cent, of rogues iii the second year of Us introduc- 
tibn. There are indications that some varieties, other 
things being equal, are more susceptible to crossing than 
their neighbours, so that the rate* of deterioration of a 
variety varies; but it should ^now be obvious to the reader , 
that even a very small percentage of impurity in a new 
variety must ultimatiJly lhaveii the whole lump. Even 
if the variety is introduced iii an absolutely pure con- 
dition, it is bound to deteriorate in the end, owing to 
tho^admixture of neighbouring varieties, such admixture 
being brought about by imperfect cfeaning of ginneries — 
and perfection is commercially impossible — by resowing 
> witl| other seed, by self-s^(wn seedlings ^springing up in 
the field, or by the shooting of r^ttoon stumps from an 
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old crop, as well as by b^Btfcying fireign poUen from 
a distance, and so -taaJdng' bastards with, unknown poUen 
parents. 

There is nothing magical er unpreventable about the 

Deterioratiorf‘^®*‘‘'“°“ varieties,, and every 

of Varieties. Can be explained id terms® of 

crossing, seed mixture, and naDhral selection. 
This discussion may appear to have wandered a 
long way from the cotton hbre, but it is necessary that 
ihe principles involved should be understood, because 
the purification of cotton varieties, and their maintenance 
in a pure state, is almost tl^ only big advance in the 
technique of cotton-supply which is'cconomically practi- 
cable at the present day. Research is shojving more and 
more clearly that uniformity is the chief thing needed by 
the trade, anci lacking ih the field; and while it is quite 
possible to pft.duoe useless rubbish from a perfectly puje 
dram of ideal properties, pt^rfect cotton cannot be produced 
Torn an impure strain.^ Moreover, cotton is grown by, and 
lependent upon, cheap* indigenous labour. Such labour 
8 not easily reformed to Wqptern requirements, simply' 
loecause such reformation would not pay the labourer, 
and the provision of pure s^d irf pla5e of impure does not 
interfere with any of Iiis traditional or casual methods. 
The cultivation of pure strains of cotton, whether they 

Seed I*® species, purified exiSt- 

Eewwal. '“g^^arielies, hr new strains synthesized’ by 
crossing, is only practicable with a system 
of seed renewal* The cause^leading to deterioration 
cannot be avoided ir, the. field, IfUt they can be] avoided 
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inutile laboratory. Strains can therefore be kept pure on 
a small scale, and a fresh stock run up into bulk (PI. VI.) 
each year to replace the contaminated descendants of pre- 
vious years. The system was introduced into Egypt by the 
writer, and at the time of writing is in abeyance through 
mfsunderf^tanding of the complexities involved in the 
isolation and®testing of now strains ; but it will inevitably 
become general before many years have elii^sed in all 
countries supplying fine cottons to the trade. Whether 
it will ever be worth while to apply it to coarsef cottons 
remains »to be seen, but though uniformity is less im» 
portant in inferior cottong, the possession of it still* in- 
creases their value, and the question of yield is also worth 
consideration.. 

In such a country as Egypt the limiting factor of the 
yield is the conditions under whfch the plants are grown, 


Yield and 
Breed. 


and it is a^ttle doubtful whetKer any change 
in the type of plant cultivated could increase 
the yield appreciably^ though the author is 


inclined still to think that -this cdUld be done. In India, 


on the other hand, and ii^ most countries dependent om, 
rainfall, the conditions of cultivation cannot be so pej*- 
fectly controlled, and th# problem is rather one of how to 
produce and maintain varieties which will give the best 
results under the existing average conditions. The re- 
dfiirches of Mr. Leake on the breeding -of branching habits 
and of ginning out-turn may^be edited as an example of 
the beginning of such work, and the logical outcome of 
aig^ such developments i^ust also bo supply of pure 
seecf and proyisions for*its rene\^al. 





PEDIGREE* iv 

In concluding this chapter, it may be useful to point 
out a few of* the revised ideas which the isolation and 
^ study of pure strains have introduced int<f 
^deas^ fh© cotton trdde. Perhaps it would he 
^ more correct to say “ will introduce,*’ for 
the disposition to regard iotton-plants and Varieties as 
capable of reasonable behaviour has yet toT^e manifested. 

In the <irst place, the greater part of this book is 
occupied by results which could not have been obtained, 

. * in their present form, on a mixed commercial 
Precasion. • . 

variety. One expenment desofibes the 
steady oscillation in length of Jint between 34 and 31 milli-' 
metres (seed-combed length); the most uniform com- 
mercial \%riety in Egypt contains pknte which range 
froip 26 to 33 millimetres on the same day (p. 134, 
Target 11); so that sucli slight changes as an eighth of an 
inch (3*1 mm.) are almost entirely obscured, unless an 
intolerable amount of additional labour is expended in 
accumulating data sp as to smooth out these consti- 
tutional differences between plant and plant. 

’ Again, cotton has for generations been held up to 
censure and admiration alternately as the most “ vari- 
able ” of organisms, capable of being haoulded 
o^Cot^n^ into any form* and equally incapable of re- 
taining it. This opinion has ha(^ to go by 
the board, with the progressive analysis of the plie- 
nomena into sudh constittients as those outlined in this 
book, and the plant is now known to be no more variable 
than any other, and equall 5 #control]able. Twq^pOire 
strains of cotton growa hy the ^iter may, be cited : one 
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had remained unchanged for nine years, the other for 
seven ; one would not prot^uce half a crop iti the north of 
^ Egypt, the other would not produce half a qrop in the 
neighbourhood of Cairo one consistently contained 
about 30 per cent, more salt in its cell sap th/m the other 
when the roots were occujfying the same soil. Such 

c . * 

simple differences as I inch in lint length, 1 per cent, in 
ginning out-turn, and 2 or 3 degrees in the a!igle of the 
lobing of the leaf ; colour of leaves and flower, shape and 
dimensions of the boll, fuzziness of the seed, and so forth, 
while air capable of being distorted from the normal, 
were, it need hardly be added, all showing exactly the ■ 
same upder the ^ame conditions in 1913 as they had been 
inr 1907. Left exposed to crossing and mi.^ture for a 
single season the strains showed 10 per cent, of impvrity 
in the following year. 

' Such strains as those mentioned, in conjunction with 
other experimental evidence, throw light on such cus- 

^ ^ ^ toms as “change of# seed,” “selection for 

Interpreta- , , , „ ^ . 

tion of yi®ld) etc. From a sowing mixture of these 

Popular two strains in» equal parts we harvested 1& . 

Expressions, other, according as to 

whether the mixture was grown in the south or the north. 
In the following year the seed from this mixed sowing 
^produced* a percentage of hybrid plants ; selection of the 
^ highest yielders in the population included nearly all these 
hybrids, and scarcely any of the parental stocks. , Thus 
ip: the third year, had the seed of these plants been 
sowq,fboth the pure pareiHs would have 4)ee,n lost entirely, 
and a most intricate jumble of^*all sorts of cotton Tvould 
have reVardf d this Jtlindfold selection. 



CHAPTER II 

tIie development op the plant 

Referhnce to many standard works on the subject will 
provide the reader with full descriptions of th^ various 
kinds of cotton-plant; but these descriptions, though 
accurate and invaluable, do hot cdhvey the impres^on 
of “livingness.” In this chapter we shalj t*hereforc 
attempt to describe the main features of the plant in a 
somewhat different fashiDn, presenting rather a kinemato- 
graph than aaimple photograph bf the cotton-producrjg 
machine. From this we may proceed to details in the 
ultimate stages of lint formation. 

It may be well to reinind the reader that, although this 
account of the life of the plant* is very largely generalized,- 
and of universal applicability in principles, the mental 
picture before the author is •maifily — though* by no 
means exclusively — one df Egyptian plants* growing 
under Egyptian conditions. Thus, water is associated 
in the writer’s mind with a controlled irrigation ratller 
than with rain, ^xtrdUie heat with temperatures from 

Those readers -who, having no knowledge of Botany, a'ljis 
interested in these aspects of Cotto^ are advised to read “ The 
Life of the Plant,” !)y Professor C. A..TimiriazefE, in the iJdirfish 
translation. (London, 1912.J 

* 21 
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100® F.* to 115® F., and cold with such temperatures 
as 40® F. The tracking, of cause to eff^t is neces- 
sarily easier in Egypt than in some countries — as 
regards the cotton-plant— but the same interpretations 
are being found to hold good elsewhere, though with 
greater complication; and it* might be well to notice^ 
here that even Egypt is far from possessing a monotonous 
chmate, excepting during July, August, and September. 
A difference of 20® F. between the maximum temperatures 

c 

on successive days is not at all uncommon in the other 
parts of the season. Further, this limitation is less ob- 
jectionable than it c might* be, because the researches 
presented in this^ book arfc of more interest to the fine- 
spinning trade* th&.n to the ordinary trade, an& Egypt is 
the largest producer of such fine ^cottons. 

The characteristic feature of all cotton-plants is the bell- 
shaped flower (white, yellow, yellow with red spots, or entirely 
red), with a brush of golden or buff stamens borne in the 
centre on a hollow cylinder, through ^hich the style extends 
to the exterior from the ovary, and surrounded externally by 
three leafy bracts (PI. III.). ^The latter feature distinguishes 
cotton from such plants as iMvatera, which is frequently con- 
fused with it, and when the capsule has opened into two to 
six loculi, c exposing the white qr brownish cotton, the plant 
is unmistakable. The main differences between the principal 
groups of (jottons have already been indicated. 

The stages of the life-histo^ before sowing have very 
little immediate interest for us, and we*may take jip the 

c 

^ lOf)® F. to 116° r. = 38i^C, to 46° C.; 4J° F. = 4i° C. For 
conv^sion of future statements of temperature, note that 
(C.°xli)-i-32tiF.° 
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story at the stage when the seedling is well established, 
with several leaves, and a fie}d of them is beginning to 
bear a rou^h resemblance to a crop of potatoes. * 

If the seedlings before this stage have been stunted 
through ai^ cause, such as imprisonment under clods 
or in ^iff soil, through the bite of a 
Stunting. caterpillar or the rotting action 

of fungi, l^y heat or by water shortage, they will be 
smaller than their neighbours, take longer to open theiv 
first flower, and will therefore — other things being equal — 
yield less cotton, simply because they have le^ time in 
which to open and ripen thei» flowers. 

Similarly, seed which Is sewn too Jate will^yielti a 
smaller crOp for the same reason, though the ‘plants may 
« grow better than their early-sown neigh- 

hours, stage for stage. It does not follow, 
liowever, that sowing very early is of aAy 
advantage; it may be })ernicious, and in Egypt there 
is a Critical Sowing-^^ate in each district, which varies 
only a few days from year to year. Sowings made 
• 'moderately early before that date all do equally well, 
while sowings made afterwards are proportionately later 
in flowering (Fig. 2). It is obviously best to sow on the 
critical date itself, since the chances of a cold spell are 
less as the summer approaches. 

That this should be the case is obvigus on a iittie re- 
flection. Cottofl is usually sown when the weather is 
getting warmer (when the reverse, as in the Sudan, t^e 
same argument* ^pply)» and ^ere are two ends ifcp %ho 
planf , of which the root is equally impo*t|irnt with the 
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shoot. Tho r^te of growth of the root is coi^ 

trolled by the temperature of the soil, provided that the* 

soil is sufficiently moist, and that the stem is sendUx^ 

enough food to it from the leaves. In the eaVly spring 

the soil ig too cold for the root to function freely, arid the 

stem suffers in coneequeiice, though the air may beVarm 

enough. Soil temperatures at a few inches below the 

surface Scarcely vary their annual change from one year 

to the next, so that the date of sowing depends on deep 

soil temperature in the first instance, wliich is the same 

on the same day in the same field each year.** 

Further, to sow excessively late will result in failure 

of the seedlings through overheating.^ This phenomenon 

• recurs at later stages oi tlio plant’s history, 

• and merits some attention. Seed germinated 

by Heat. . • . .n 

in incubators at vanous temperatures will 

provide simple illustrations. At 15® C. the germination 

is slow, while at higher temperatures the rate of growth 

increases ; between ^0® C. and 30® C. the rate of growth 

is doubled, and if an incubator is adjusted to SOJ® C., it 

is possible with Egyptian cotton to prepare a report on 

the germination capaci^ of a sample within twenty-four 

hours from receiving it. If, however, a sample thus 

incubated is left for two days, it will be surpassed by 

those samples kept at lower temperatures, jand in^three 

days will be almost irreparably injitred. This injury is 

duj to accunfUlation ot poisonous excreta in the tissues, 

these being thrown off in the chemical processes of growth 

more rapidly at high tempeitfbures than the ratet^t which 

tl^e plant can dispose of them. 
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Sinfilar poisoning from overheating takes place when 
feeed is sown too late into the summer. Otherwise the 
The Tern- rarely suffers from this caus^ being 

peratureof buried in the cooler soil ; but the stem is 
the Plant, often affected on hot days, when thg temper- 
ture exceeds 37° C. (Fig. 4). ‘It must be remembered 
that the actual temperature of the stem tissues is the im- 
portant thing in tliis respect, and not the shade tiir tem- 
perature, which may be widely different, the plant having 
a lower temperature than the air, through evaporation 
from the leaVes, when there is ample water round the roots, 
§.fid a higher temperature if the roots are short of water.' 
The ptescnce or absence of wind, clouds, newly watered 
soil, etc., also* affect* the temperature of the air itself in 
the cotton-fields, and may make it quite different from 
the temperature recorded in a meteorological screen 
close t)y- 

We have seen, then, that a rise of tissue temperature 
up to about 33° C. continually acc^erates growth, but 
that prolonged exposure to higher tempera- 
P^torsf prejudicial. This all 

assumes that light, water-supply, etc., are 
sufficient. *If any one of these is deficient, the growth 
will accelerate with rise of temperature until it reaches a 
rate at whioh it is using all the food or all the water 
available, and beyqjid this rate^it plainly cannot pass, 
even though the temperature continues to*rise; in otjier 
wor(}.??, food or water becomes the “Limiting Factor” 
itastead^ temperature (Fig^6). 

The relationsiof the seedling to water bring out one pr 
two points df interest, w^ch bear upon our previous con- 
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jectures as to the utility of the lint to the plant for ab- 
sorbing and retaining water instead of acting as seed- * 

• , * 

^ wings. Cotton-seed germinates best whfen 
Water and water, half covered. If laid on wet 

, blotting-paper in the conventional way for 
making tests of gertninatfon with many other seeds^, very 



Fig, 3. — The Action of Ltmitin*} Factors. (Veuv Diagrammatic.) 

Throe varying factors are indicated above (Ay By and C) as curves. Below 
is represented the behaviour of a ^tant ^iider tlleir influence, as first one 
and then another becomes “ limiting.” 

If A represented the temperatare, B the water-content, the soil, and 
0 the size of the living root-system (as affected by the water-table), 
this diagram would roughly portray the life-history of an Egyptian 
cotton-field. 

few of the seeds germinate, whatever the temperature, 
th# seed-coat being unable to absorb enough water. 

* The cuticle of the seed-^t is slightly waxy^ probably 
from the sdlne wax which has Io](jg been known to ooollr*on the 
ligt. Until this wax ha^ been broken by thefinitial swelling of 
the 8eed,\he absorption of water is'^iflicult. 
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'fhis cause of germination failure is common in some 
countries , though not in Egypt ; but even there it may be 
foiind. Seed sown in very lumpy soil will "not be tho- 
roughly wetted for a sufficient time, and seed sown too 
early in the spring may fail from the same cai^se. The 
latter'is a raiher curious points It would at first sight 
appear that cold was the limiting factor, but neighbouring 
seeds will come up freely, and the failures themsdives will 
germinate on a second watering. The cause of failure is 
simply that at the lower temperatures the absorption of 
water by the seed-coat is too slow, from purely physical 
Causes, unless the seed is thoroughly and continuously 
in contact with soiLwater. ^ 

Tlif> reader may have noticed that, in speaking of the 
cooling effect of evaporation upon the temperature (d 
the stem tissues, we plirased the necessary 
^^^^^^dition as “ample water around the roots,” 
and not merely as ample soil-water. The 
reason for this is that the root ^ay diy the soil- 
particles which lie near it. The author first showed in 
Egypt that the cotton-plant i^stood in a rather extreme 
attitude towards its water-supply, which might almost 
be described as one of greed and improvidence These 
results have since been confirmed by Professor Lloyd for 
the United States with the Upland crop, so that there is 
some justification fo]|; believing that they are general. The 
phenomena are most marked in*the later‘ stages of the 
plant's growth, and do not begin to exert much hmitihg 
oontrcfl yntil after flowering bus begun, provided that the 
seedlings receive?. a reasonable wat^-supply. The reason 
for this is ^simgly the increasing area of leaf-surface, 



THE PLAKT 


causing greater loss of water. If, however, seedlings or 
young plants are allowed to •become very short of Water, 
they m§.y be limited thereby, with subsequent effects ^n 
the crop, to which we shall later advert. 

The basis of these marked peculiarities of the plant in 
regard to water is a structural one — ^namely, the presence 
of a rather exceptionally large number of “ stomata ” on 
both si(fes of the leaf. These breathing-pores, which also 
act as lip-valves for regulating the loss of water- vapour, 
numfier about 300 to the square millimetre on the lower 
leaf -surface (or 200,000 to the square inch),-*and 100 on 
the upper surface. In cottons of the Peruvian type th^ 
surface is practically hairless, but in Jhe Upland type the 
leaf-suiiace is commonly hairy, and ainoe the bfi'iry t^ingle 
prevents rapid motion of air past the exterior aperture 
of the stomata, evaporation is diminished. Upland* 
cotton can in consequence endure dry weather witbless 
injury than Egyptians — a fact which will have some influ- 
ence on the develoj^nont of cotton-groving in many new 
areas. Some idea of the number of these apertures may 
be gathered from the fact* that a seedling without any 
other leaves than theu pair of original seed-leaves is 
pierced with about a million stomata. The evaporation 
of water takes place almost entirely through these aper- 
tures in the older leaves, though in very ypung tissues, 
which have not 'developed the impernieable skin of cuticle 
pr^erly, som6 water escapes directly from the skin of the 
leaf. The stomata open and close in reaction to the/jon- 
dition of J)he- plant. If writer is deficient, t]i§y? close 
b^ore the plant is imticeabfy wilting,, ^d so restrict 
further loss. 
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Under the climatic conditions in which cotton finds its 
* most suitable temperatures, the mere evaporation of 
*• water from a water-surface is' usually very 

high during the ,day, and the total “ water- 
surface ” of all the leaves in a fiel(^of cotton 
is enormous. Some idea of^ its magnitude may be 
gathered from the fact that the author and Mr. Hughes, 
working quite independently, both showed tha^- normal 
fields of Egyptian cotton in a normal year (1912) evapor- 
ated amounts of water which increased steadily 'up to 
fifty tons of water per acre per day. This figure is almost 
Incredible, being twice as hi^h as the amount of water 
actually supplied ^o the land in irrigation — the duty of 
wat^r in Egypt being twenty-four tons — but the deficiency 
is made up by water withdrawn from tlie water-tab]e. 
When expressed in terms of single plants, it is even more 
inciedible — i.e., about three pints per plant per day. 

There can, however, be no shadow of doubt as to the 
truth of the figures, which in both^cases were obtained 
by directly measuring the changes of water-content in 
the soil of a field. They throw into vivid relief the severe 
nature of the “.water-strain” which the plant has to 
undergo e&ch day of its life* 

One of the first evidences of tliis strain was the writer’s 
discovery t^iat from quite the beginning of its career the 
cotton seedling did not grow in sunshine, all 
the water being usbd in ke€?ping the plant 
cool as long as possible; and when the Soil 
•supply^ began to give out, some time during the after- 
noon, the ston^a closed. * 
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This closure of the stomata brings about other effects 
which may be roughly described as starvation, since- 
carbon dioxfde gas can no longer pass into the leaf, 
where it would be built up into sugar for the food of the 
plant. The result is that the plant, as a result of its 
water-greed, leads, a rather miserable existence ’every 
afternoon in hot sunny weather. 

The gftory of its average day is roughly thus : Stomata 
open with the sunrise, and open wider as the hght gets 
• stronger, the formation of sugars beginning 

and increasing as the day gets. «varmer, till 
carbon dioxid^ may be taken up as fast 
a free surface of caustic pqtash*could take it, and the 
weight of the leaves increases rapidly, (Jrowth\as mean- 
while slowed down or stopped entirely, according to the 
wetness of the soil an8 the humidity of the air. Presently, 
at some hdur after 9 a.m., depending on the same 4 ^on- 
ditions, the plant has dried up the soil in the immediate 
vicinity of its roots by taldng away more water than can 
l:e replaced by capillary movements among the soil 
particles, and the stoftiata t^gin to close, while growth is 
entirely stopped. Tliis closure of the stomata checks 
the foimation of sugars, hf cut'ling off the ’supply of 
carbon dioxide, and the fransport of sugars, etc., into the 
body of the plant being no longer compensated by the 
formation of new supplies, the dry- weight of the leaf de- 
creases. The iplanf reniains thus during the afteinoon 
until sunset, when — the water-loss ceasing — growth is 
resumed, often quite sudd^y. During the n^^ht the^ 
rate of growth is controlled by the nigjjt temperature 
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(Fig. -4), until the food formed during the day is exhausted, 

• which may happen before ‘the morning if the previous 
day’s experiences have been very severe,' though this 
does not appear to be often the case in good cultivation. 
The total growth in the twenty-four hours thus depends 
mainly upon ihe temperature at nighty with modifications. 
The chief of thdfee modifications are growth in the morn- 
ing after sunrise, due to milder weather ; and overheating 
during the day, which poisons the cells and slows growth 
during the following night (Fig. 4). 

Lastly, of. the three main controlling factors of growth, 
,<we have, in addition to temperature and water, the soil 
. itself.^ In so far as texture is concerned, it 
is (^Kjito read from the foregoing discussion 
the reason wliich makes loam the most sujLt- 
able soil for cotton — namely, free inovement of water to 
the^root system, suporadSed to ample retention of water 
by the soil particles. There is a second reason, which is 
that cotton roots appear to be intolerant of any deficiency 
of air for their respiration (probably lor reasons connected 
vdth those discussed) such ^s may easily happen in a 
clayey soil. . 

Besides* the texture of a ^oil, its depth and its composi- 
tion have to he considered. TheW two go partly by inverse 
proportion. A largo plant will flourish in a 

soil ; but the dail^ wafer-8t»ain on cotton- 
plants makes a large volume of soil essential for the^jest 
cresuhs, (Unless unceasing whoring can be given in driblets, 
which is nqt pti;acticable fei the field. A large volume of 
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soil might result from placing the plants widely apart, 
but this, beyond a certain lower limit, would reduce 
the yield j)er area, since the increase in size of the plants 



Fin. 4. — Daily Growth op thk Main Stkw. 

Actufl exporimontal data. 

Variety, Atifi; site, Giza; ordinary field crt)p; year, 1911. Ty upper curve, 
represents nightly ininimutn temiJoratnros; G, lower curve, repre^nts 
the amount of oloiiiration of tho main stem in each successive twenty- 
four hours. 

Until the end of Juno t no two ctirvos are similar — /.e., growth was limited 
by night temporaturoiin^ except, upon days which are marked in the 
diagram by eight feathen^d arrows. 

These arrows denote days wbon the vnuriinum temperature in the previous 
afternoon had been too high (ovor C.), so inducing the formation 
of a “ heat-poison ” in tho plant, and thus reducing growth during the 
following night to loss than J^he amount expected (indicated by dotted 
lines). * • • , 

At the end of Juno the effects of soil-water were just beginning to be felt 
as the plants grew larger ana took more water from {he soil, l^e- 
viously thoro had boon more water than tho plants could remove. 

Further, this shortage of water induced “ self -poisoning ” in the terminal 
bud of the main stem, and its growth ceased ultimately to respond 
even to irrigation', f.orminal buds of the branches are similarly 
affected later. ^ ^ 

would not compensate for the smaller number of 
plants on the .area (Fig. 6), -pud, moreover, sur^jice soil. 

o • 

dries up more quickly tjian dce^) soil, so tljat it would be 
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harder to keep a uniform moisture-content. While dis- 
cussing this soil question, it may be worth while to note 
that the effect of spacing upon yield is worth considerable 
attention by new cotton-growing countries. Tlie author 
showed in Egypt — somewhat to the disappointment of 
reformers— that the native cultivator is exactly right in 
the spacing h\) adopts (Fig. 5). If more plants were 
crowded on the area, they would, roughly^ speaking, 
interfere with one another’s roots before they came into 




Fig. S.—ABBANOBMiNitj or the Spacing in Pi^.d Cbop. 

ElawJ ehowing on a scale of the tyjncal conventional arrangements of 
the plants in the field in Egypt (left), and the U.8.A. (centre), together 
with (right) an arrangement which would bo ideal if it were not inj- 
possihle to hoe, irrigate, and pick, such closely sown ridges. 

The Egyptian arrangement is only possible because the crop is entirely 
cultivated by hand. In the U.S. A. the rows must be set wider, to per - 
mit of the use of horse-hoes (r/. PI. XII*.). 

flower, and would suffer more under the water-strain of 
the early autumn, and from the rise of the water-table. 
If fewer plants were employed, the gain in yield per plant 
from the ^iminif^hed effect of these same causes could 
not make up for Jihe decreased number of plants actually 
at work. At the spacing which the Fellah employs in 
e^ch. district, the effects of root-interference are delayed 
till’t^e first few flowers ^.ave formed, and the gain thus 
obtained in iiie early poking (Fig. 6) through having 
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more plants is nicely counterpoised by the loss in the 
later stages through having too many roots in the soil. 



•Those curves are generalized from experimental data obtained at Giza 
in 1912 (see Phil. Tran^ Roy. Soc., 1915, for the full account). 

The tall verticiii lino on the loft marks thft extreme limit, or “ infinite den- 
sity," when the seod would be so thickly planted as to give no jiiold 
at all. , ^ . 

The maximum total yield is obt lined at the conventional Egyptian spacmg 
of about 14,000 holes to the acre, with two plants in each hole. 

The employment of one plant in each hole lessens the total yield by about 
10 per cent, (dotted line) in any spacing. 

At wider spacings than 1,000 ])lant8 per acre the yield is directly proper- 
tional to the number of plants. • 

The first few flowers to open are directly proportional to the number of 
plants on the area, imless t|io spacing is extremely dense; thus, the 
first picking (dash line) is at its ki^est i^th a closer spacing than that 
which gives the maximum total yield. 

The curves hote drawn apply to%irly symmetrical spacings, such as the 
ideal and Egyptian ones in Fig. 5, opposite. Any departure from s^- 
metry, as in tne U.S.A. arrangement, diminishes the yield, other thi^s 
being equal. The difference between the total yields with Egyptian 
and U.S.A. arrangements, but with the same number of holes per acre, 
is about as 6 : 4. Thifc is shown graphically to the left of the diagram, 
where the black top of the column represents the advantage, of the 
•hand-cultivated Eg}T)tian system over the American one. 

It being agreed that the la:^er the volume of soi^ avail- ■ 
able, the better it is for the pfant, and liberal extension 
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being ruled out by considerations of yield, it follows 

• that the soil must be deep. In respect of this our 

' ideas have undergone great ' chanjges since 

1908, in which year the author first traced a 
cotton root to a depth of two metres below the surface. 
This trifling episode led us t«# reconsider many matters. 
Thus, in the event of surveying a new district for cotton- 
growing, we are no longer content to examine the top 
foot of soil, but we require to know something about the 
state of affairs down to some 6, or even 1 0, feet below the 
surface. ‘Again, that a rise of the water-table which did 
‘not reach within a metre of (the surface should be preju- 
dicial to^the crop ^was no longer absurd, since this would 
drqwn out half 'tho root system of an adult plarit, and, as 
we now know, the portion which is doing most of the work 
in the autumn. It had formerly been thought that cotton 
waM a comparatively shallow-rooted plant, on account of 
the slenderness of the tap-root, which diminishes very 
quickly in the first foot of descent, and looks as if it were 
nearly at an end. Tliis slenderness does not prevent 
it from carrying large amounts of water, as we have seen, 
the main water-conducting cell-elements being only two or 
three in number, and consequently of wide bore. Through 
these two or three tubes, not exceeding J millimetre 
each in dia^neter inch), there rushes a stream of about 
a litre of water d^uring some ten hours'. From the tap- 
root arise laterals, which at fibst form ft gossamer web 
around the seedling tap-root, but which very largely die 

• dowli,,#nly a few survivi%, to be supplemented by new 
ones lower aiad lower down. The survivors run ,qut 
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horizontally almost as far as the tap-root descends Ver- 
tically, though not quite so far if other things are equal, 
and are important contributors to the plant’s sustenance 
until the soil layer which they occupy is too crowded with 
roots fronr> adjacent plants to be of much use. 
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feet than from any other part, so that a boring -tool may 
be pushed through wet mud on the surface and broken 
Deep 8'f'fenipthig to struggle through, the hard 
Draught of dry soil at that depth (Fig. 17). Many other 
the Root. ^ side-issues show the enormous possible ex- 
tent of the cojiton root system. T^us, a plant which is 
allotted 3 square metres of surface will produce more 
flowers and more cotton than a plant which receives 
2 square metres allowance. Since the root of the latter 
has about five tons of soil to itself, it might be considered 
to receive ample accommodation ; but the plant can still 
make use of more. The las^ fact brings up in vivid relief 
the artificial conditions ol field-crop cultivation, where 
th^ plants are crowded together (Fig. 5, PI. XII.) to such a 
density as will produce the maxiipum yield, and the con- 
sequent limitations in tko size of the root system have to 
• ... * 
be mot as far as is possible by skill in cultivation. The 

author is sometimes inclined to think that in irrigated 
countries with high-priced cottons' the tendency will be 
towards even closer crowding of the plants, as skill in 
cultivation becomes greater*through better understanding 
of their ^necessities, f Certainly the heavy first picking 
which results from closer spp^cing should be a valuable 
asset (if skilfully ripened off) in countries troubled by 
boli-worm[fe, which attack the later pickings. 

The last component of the s»il qyiestion is the chemical 
composition, and here Egyptian experience is not oi much 
uke, since manurial composition is rarely the principal 
limMng factor of gro\jt!i there, though there is some 
indicatiqn that it acts as such for short periods at certain 
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stages of growth in the summer. On the other hand, 
the presence of salts in the ^^oil is often a serious factor • 
, in Egyptian cotton-growing, whether ijhe 
„ salt is common sodium chloride or the more 

. objectionable carbonate, or “black alkali.’* 
The action of salts is rclartivoly simple; an excess of them 
prevents water-absorption by the roof through simple 
physicaf control, while less amounts may in some cases 
act poisonously. Under field conditions one or two 
interesting points arise. Since salt is concentrated at 
the surface of the soil by evaporation, and Trashed down 
again by surface watering, ithe surface soil may be so sally 
as to hinder the germination of seed; but any odd seed- 
ling which may manage to work its ta][)-root down into 
Uie sweeter soil below will flourish. Thus, a perfectly 
healthy plant may be growing in the middle of a salted 
patch of land. Another curious feature of cottom^with 
regard to common salt is that it takes up quite large 
amounts from relatively sweet soil, the concentration 
attained in the cell sap being different with different 
kinds of cotton, and am^mnting in the most “ salty ” 
kinds to nearly as mueb as in tjrpical salt-marsh weeds 
which are washed by spray from the sea. 

In most countries other than Egypt the manurial compo- 
sition of the soil is ah important factor, but one which has 
^ neVor^ been properly investigated, with the 

^ ’ tesult that most conflicting opinions are held. 

In saying that no proper investigations have been made, 


the author would not wish^lo discredit the lar^ amount 
of experimental work which *has been carried out in this 
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direction; but the fact remains that it is almost impos- 
* sible to analyze the results of such experiments (c/. Fig. 1 9). 
Sc/ many circumstances may act on the plant, ^nd the 
water relations are so important, that to disentangle the 
manurial effects from the accidents, over a cropping 
period of two months, is almost impossible. Solution of 
these manurial problems can only be obtained — except 
in the simplest cases — by keeping continuous records of 
tlie growth, flowering, and fruiting, of the plant day by 
day, so that the action of the various factors may bo 
distinguishcAi from one another. This is more particu- 
sltirly the case with regard to the many cases in whicli it 
is stafed jthat manuring diminishes the yield through 
causing too raiik^ro‘wth. The autlior has never yet met 
with a case under Egyptian conditions in which growth 
was ever the cause of reduced yield in itself. Secondarily, 
it may lead to the exaggerated influence of external 
causes, if cultivation is not, or cannot be, modified to 
meet the new dimensions of the plant ; but it is much to 
be hoped that a more thorough analysis may ultimately 
relegate this view to the limb<^ whither sevt^al venerable 
fictions have already Jjeeii despatched, such as the 
dictum that /‘the longer the staj)le of cotton, the lower 
must be the yield.” We will return to some of these 
points^subsequently. 

Thus far we havQ attempted to give some idea of the 
interplay of circumstances which act upon the living body 
of the plant, modifying the growth of its various por- 
tions, building up the^'lscaffolding upon^^hich the 
cotton is borne, •as well as the fruit and the cotton itself. 
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The ground we have covered would require several large 
volumes for any adequate I)^esentation, even of the 
^ established facts, unless such presentation* 
Scaffolding made in severely technical language; 

o but enough has probably been said t/j show 
that there is no loriger«any need to indulge in vague gener- 
alities about vitality, suitable climate, and so on, and that 
it is possible to assign numerical values to the quality 
of the cultivator’s work. Jt now remains to examine 
tlie scaffolding itself, and its load of fruits, built by the 
plant under the control of its inherited tendencies as 
reacted upon by environmental agencies, and itself con- 
tinually acted upon in the same way. 

And her6 it may be excusable to insert a small comment 
on the difficulty which^many persons feel in accepting 
recent interpretatioi\s of this reaction. Their 
Variable summarized in such a ca^ 

as the following: They have grasped the idea 
of the chemical defliiijeness of a pure strain, character- 
ized, lot us say, by a 30 -millimetre lint; but when they 
• find that a 35-millimetre lint is obtained from this strain 
on cultivation under somu particular set of conditions 
(c/. Figs. 14 and 15), they object that it must be nonsense 
to speak of any definiteness in the inheritance or manifes- 
tation of such variable characteristics. A simple parallel 
wiU best illustrate the falsity of the objection. Certain 
strains of the CRinese primrose are known which breed 
true to white, whatever the conditions under wliich they 
are grown ; there are also other ivhite strains which remain 
white, when grown in a eool greenhouse, btit turn pink 
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in a house kept at 30° C. The inherited pecuKarity in 
both cases is not actuaDy colour, but thfe absence or 
presence of the power to react under environmental 
influence — high temperature in this particular case — 
so as to prpduce a colour. 

So the plant inherits the 'capability of reacting in a 
certain exact and definite way to any set of exactly defined 
conditions. 

The plant-scaffolding of cotton consists of root and 



•r Fig. 8.— Types of Branch-Scaffolding. (Diagrammatic.) 

Flowering branches are represented as lines bearing crosses, vegetative 
branches as plain lines. 


Left: Ideal plant, early flowering {c§. Pi. VI^., X.). 

Centro; Usual typo of plant (c/. PI. IX , righ 

Right: Late flowering. Vegetative branches oranch again before flowering 
branches are formed (c/. PI. II^). * 

shoot, but very little is ^et known about the details of 
the former, owing to the obvious difficulties which attend 
investigation. The shoot -scaffolding begins 
Branchy. ^ stem, or central axis, from 

which lateral blanches are given off. These branches 
may be flowering branches (PI. VII.) or ordinary vege- 
tative branches; which^latter may again produce other 
vegetative branches, flowering branches, or both, 
according to the inherited tendencies of the plgnt (Pl.^ IX.)* 





IM.ATK VII. SIMIM.K HIUNCHINI 


‘lU'iy stniin isolated from Ah' *issi. AVide-s<.wn, at (li/a, Saiitemher 1})1:{ 

inof.riSwr;!,':' 

ripened holls of the first inckii^ slam the “frinAjiiR-seaffoldiiijr " of the cotton-plant in it^ 
simplest form (rf. Fi«s. « and Sf, pp. 42 and A). 
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The flowering branches, on the other hand, bear a limited 
number of flowers, and do not normally yield any further 
branches,# 

The development of these various branches is mainly 
acropetal^and centrifugal, or, in other wor^s, a branch 
, high up the main stfem is ^ounger than a lower branch, 
and the fjpwers at the outer end of a flowering branch are 
younger than those nearer the main stem (Fig. 9). Ex- 
coptioiis to this occur in the relative times of development 
of the two kinds of branches, but in general it isi safe to 
assume that the opening of flowers on the ‘;^ant body 
pursues a kind of spiral course, b^^ginning at the inner-* 
most flower of the lowest floWering branch, and pndiiig at 
the upper and outermost flower of thdyotmgest brancdi. 

•The relations between the two kinds of branches are 
of the utmost commercial impcwrtance. If any particular 
Cotton- cotton develops nothing but flo^^;^#i|lg 

l)roduoing branches on the main stem, it will obviously 
Machines. economical machine for cotton produc- 

tion (PI. VII. , X.) if its leaf area is sufficient to feed all 
the flowers which it sets, tfntil they open as ripe bolls. 
If, on the other hand, another kjnd of cotton does not 
produce flowering branches on the main steip at all, but 
waits to bear them on the vegetative lateral branches, it 
will be slow in coming to maturity, and unsuitable fo^ any 
district which can provide only a short growing season. 
Th^ problem* has been faced by Mr. Leake in India. 
Into the further details of branching it is scarcely neces- 
sary to ent#r, but it might bd Noticed that excessfwe Vege-< 
tative branching’ is undesirable, in that ‘ft makes a field 
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of cotton into a damp jungle, in which various secondary 
troubles may arise; while a, plant with a large leaf area is 
laiore likely to have its physiological condition, seriously 
upset by water-strain in the event of a spell of dry 

weather. 

, » 

The length to wliich the rfiain stem and the various 



Fio. 9. — SuccKssioN OF Flowers. (Vkby Diagbvmmatic.) 

Ropresentation of the way m which the llowora — and consequently the 
fruits — 01)011 successively on the scaffolding of branches. 


branches extend is obviously dependent on the various 

causes affecting growth-rate, as already sketched by us. 

Over and above this, however, there comes 
Senescenoe* ■ 

sooner or later in the career of each branch 

a period of “ Senescence,’! due to internal causes akin 

to the heat-pc-isoning which we have mentioned, and 
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which we may term “ self -poisoning.” This phenom- 
enon shows ’itself in a generai slowing of the growth- 
rate, and in diminished reaction to external changes# 
such as temperature; it is nearly akin to muscular 
fatigue. ^Usually the oldest parts of the plant — or, 

rather, the terminal buds of each part — are the first to 

• • 

show it, and the main stem first of all (Figs. 4 and 10). 
This cessation of growth of the main stem has an effect 
on tlie flowering later on, for, since no more flowering 
branch^ can be formed in an upward direction, flowering 
must stop when all the existing flowering bramhes have 
oj)ened all their flowers, unles§ lateral vegetative branches ^ 
exist to take up the work, ^ # 

Like aW other features of the plant, although this 
senescence may bo induced by ill* treatment at any time, 
it is a specific reaction which varies with different kinds 
and strains* of cotton-plants. Under the same c(]ii- 
di lions of cultivation some kinds show it at a very early 
age in the terminal bud of the main stem, and are com- 
mercial failures thereby; others show it so late that the 
• flowers they have’formed arn as many as can be ripened 
off before the winter comg^^i; and others may not show it 
at all, but continue year after year to respond directly to 
the limiting factors of the environment, and be known 
as “tree cottons” (PI. *11.). 

Moreover, senescence is not irremediable with cot?on- 
plants as it is wtth mankind at present, A senescent bud 
may recover after a prolonged rest, and probably ye 
* shall be able to obtain such recovery almost instantly 
when the nature of the poison^ is known. • The result of 
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field recovery is a* second crop of flowers or even fruits 
in a single season. Before a regular water-supply was 
« secured for tfie Egyptian crop during the 

summer, senescence following water short- 
. age, and rejuvenation when the flood came 
doto, were* probably much n^oro nqrmal phenomena than 
they are at the present day. We shall meet with the' 
same senescence in the fibre itself. 

Until this senescence is shown individually by the 
various branches of the same plant, all branches -grow at 
c • nearly the same rate. Thus, measurements 

Crop daily growth-rate of the main stem in 

Forecasts. « • 

4 the early part of the season show (Figs. 4 and 

10) the* variation!! in the rate at which the scaffolding of 
flowering branches is being laid down. It therefore shows 
also the daily variation in the ra*te at which flower-buds 
afe being formed on this scaffolding, and consequently — 
since each bud takes a fairly uniform time to develop 
into a flower — this pre-senesccnce growth-record of the 
main stem anticipates the daily variations in the rate of 
flowering. In Egypt thi.^ leadS to remarkable possi- 
bilities of forecasting flowering from growth, and conse- 
quently of forecasting tlfb crop, since the variations in 
the rate of flowering in the early part of the season are 
the same^all over Egypt from day to day, some days 
being good and others bad, mainly as the result of rapid 
or slow growth during warni* or ‘cold nights, nearly a 
month previously. How far this will apply to 'other 
countries remains to be ^n. 

The point tf especial interest up to which we have been 
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leading, through this conception of a fio‘wering scaffolding, 
is that the ultimate yield of the plant has been partly 
determined sonfe two and a half months before it appear^ 
as ripe cotton bolls. 

Various^ investigations have shown that, as most 



Actual exforimental data taken in ^crop of Jkmains Afifi at 
Ciza in 1913. 


Daily records wore taken in scattf'red groups of plants to obtain the dail 
rate of growth of the main stem (r/. Fig. 9, p. 44), the number of flower 
opening, and number bolls ripening (c/. Fig. 15, p. 110) each da^ 
These have been smoothed for convenience to five-day means (seep. 197] 

From left to right are — 0, the growth-curve; F, the flowering curve; JJ, th 
boiling curve, the area enclosed by this last having been shaded wit 
vertical linos to emphasize its importance as representing the actuii 
final yield. 

If G is moved forward for seventy-four ^ays, q^id F for fifty-one days, the;, 
closely resemble the early part of B. 

Thus, the ripening of the first picking, day by day, can bo foretold two and 
a half months in advance. 

Ijater pickings can also be forecasted by similar means; they follow the 
flowering curve, with deviations due to shedding of the powers 


growers will (¥)ncedfe willingly, the *number of bolls 
ripbned depends on the number of flowers which open 
(Fig, 10). A certain proportiogi of these flowers «^e ^hed 
by the plan^;, the average amount under Jplgyptiaff con- 
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ditions being oons'tantly about 40 per cent, year in and . 
year out. This proportion varies daily (Fig. 16) with 
( , the weather, and especially with the water- 

Shedding. water shortage increasing 

the amount of shedding; while after each w^atering — if 
not excessive— the proportion of shed flowers diminishes, 
to show up a^ain some fifty days later in the form of^ 
an increased rate of bolls opening. ^ 

It seems to have escaped notice that the shedding takes 
place almost entirely in the flower 'stage. The fact that a 
certain proportion of the sheddings (as collected from the 
ground below the plants) consists of bolls and buds is rather 
misleading. At any given ^moment there are enormously 
more buds and bolls on the plants of a field than there are 
flowers; in the middle of the flowering season the ratio would 
be about 20 buds : 1 flower : 40 bolls, simply because of the 
differences in the duration of each stage of development. If, 
therefore, we even found equal ratios of buds, bolls, and flowers, 
fn the sheddings, this implies that 40 per cent, of the available 
flowers have been shed for every 1 per cent, of available bolls, 
and for 2 per cent, of the buds available. 

The flower stage is thus extremely liable to shedding, pos- 
sibly for reasons connected with the chemical side of pollina- » 
tion or with the greater transpiration of water from the open 
flower. 

Apart from shedding, the only other factor which can 
seriously influence the yield is the size of the individual 
boU, and this, again, appears to be specific 
for each kind of'^cotfon under definite cir- 
cumstances, so that cotton-breeding for a big boll Vould 
appear to be a profitable line of research. With the 
opening of tkg flower thb purpose of the present chapter 




J’LATE Vlir. -AN UNfIKALTJIY ]>LA#}T. 

JSdoii^^iug to a^stmin which .sh(>(i>s its flowers very mulily on any disturbance, this plant, 
\unle intlu'" sljTirt of water, was attacked by the eating larva* of the fol ton-wonn. Most 
of the i'arl> flowers and bolls ha<l been shed. Note the flowering branch whiek projects 
farthest to the left, from which the three innenuost bolls have all gone. 
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ends, since the history of the ripening fruit requires a 
separate chapter to itself; but It should be remembered 
that fresh flowers are opening day after day, for a period* 
which is not usuaUy less than two months, upon the 
scafl’olding.of branches (PL VIL), and that aU these are 
being acted upon successively by all the factors of tlie 
environment which we have mentioned, and by others ; 
by internal factors such as self-poisoning, and its anti- 
dotes, the whole result being moulded upon the basis 
of inherited capabilities for reaction. 

It is convenient to think of these envii'tmmentaL 
factors as acting in two ways; either as “ constructive,” 

^ influencing the rate of construction of the 
and * scaffolding; or as “ modifjring,” producir^g 
Modifying deformation of the results wliich would 
I actors, anticipate^ from the constructed 

scaffolding, l^us, sufficient scaffolding may have btjen^ 
laid down to produce a certain yield in a certain way, but 
the action of water shortage may produce shedding, 
attacks of insect pests may check the development of 
•the buds, or a frost may kill the whole plant ; such factors 
are modificatory (PI. VIII.). 
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THE DEVELOPMENT OF THE BOLL 
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CHAPTER III 

THE DEVELOPMENT OF THE BOLL : 1. STEUCTURAL 

The previous chapters have dealt with the origin of 
cotton, ard with the development of the plants from 
« seedlings to become the bearers of fruit. Reference can 
be made to the Appendix for the methods of studying 

the fruit itself, and* the cotton formed therein. 

♦ 

Those readers who are not interested in the ways by 
which conclusions are obtained, but only in the conclu- 
sions themselves, may take it for granted id the follow- 
ing pages that, whenever a statement of fact is made, it 
results from one of two methods — either the observation 
on which it is based has been repeated sufficiiently often 
to leave no reasonable doubt as lo its truth, or (in the 
case of numerical statements) the degree of uncertainty 
attaching to the statement is exactly known and defin- 
able. That some statements may be qualified by reserva- 
tions does not imply that they are imagined to be incor- 
rect. 

Expressions of the author’s p^rsoifal opkiion as formed 
by; deduction from the data are an entirely different 
« mattef.* These opinions iibout raw cotton run counter 
to those genefflilly accepifed by previous writers, and, in 
61 
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order to afford the reader an opportunity of satisfying 
himself as to their validity, the rather exceptional course • 
has been^ followed of presenting in the Appendix a gre^it 
part of the experimental data themselves in the form of 
tables, instead of merely summar'zing them in the 
diagrams. 

The ^iologist will probably see thsiJt a number of 
reservations would have to he made if the arguments 
were carried much farther, but such reservations would 
be due* to general causes — such as the v^ry recent de- 
velopment of Limiting Factor methods in tl#e study of 
Growth — and not to any fundamental uncertainty as to* 
the particular case of the cotton fibre. 

The spinner will also sec that similar uncertainties^ are 
only just avoided by restriction of the scope of the work. 
It is the author’s hope that ^cither he or some other 
student may ultimately be able to write a sequel to this 
book, by similar examination of lint at various stages of 
manufacture. Even simple breaking-strain determina- 
tions before and after the processes of ginning, baling, 
pressing, bale - breaking, i^^utchiiig, carding, drawing, 
combing, spinning, etc., w)uld bo well worth having, if 
the fate of a bale from a single field could be followed in 
this way, since from such a numerical basis established 
for an obvious charatteristic it would be efcjsier to pro- 
ceed step by step to elucidation of the more subtle feafures, 
with which thft book can scarcely profess to deal. 

In the year 1906 a small book dealing with the micro- 
scopic structure of the cotton-plant was published by, 
Mr. Flatters, containing some Very pertinent remarks on 
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the world’s ignorance of the subject. Owing to lack of 

* material, the subject of fettilization was not* dealt with, 

f the work having been done in England, 

Authors* presumably on material sent from abroad. 

•^At the same time, but independently, the 
present author published a paper deakng with the develop- 
ment of the floVer from the primordial bud ui^ a few 
days after its opening, and incidentally dealing with the 
earliest stages of the development of the lint. These two 
accounts both* showed that the accepted story, as given 
by Dr. Bowman, was not reliable. 

^ The errors of Bowman’s description, which has’ been 
quot($d as late as 1904, were mainly due to natural causes, 
thi^ description h&ving been published in 1881, when 
botany was considered to be an inaccurate science,” 
and our knowledge of pl^nt and cell structure was much 
sttial^er. Unfortunately, a new edition of Bowman’s 
work was published in 1908, which repeats almost all the 
original mistakes in greater detail. ^ Monie’s work, pub- 
lished in 1904, need not be mentioned in this connection, 
since it is largely based on Bowman’s book of 1881, with 

some philosophical additions. The only critical state- 

• • 

ments on tjie subject, other than Platters’, are in Mr. 
Scott Taggart’s book, which does not profess to deal with 
the develojiment of the fibre. Thb justifiable comments 
made in this work provoked a reply from Monie in the 
1904 edition of his book, but tile effect of* this reply was 
nullified by the fact that in the preceding lines mention 

• hadt^ made of “ vital fiuids, which are composed of a 
creamy-coloured oleaginoifs matter.” 
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The amount of copying which has taken place may he 
realized by the fate of a rough, sketch of the ovary which 
first appeared in the 1881 edition of Bowman, and has 
returned *to England again in Matthews’ work dateS 
1904, where it is acknowledged as being derived from a 
German book by Witt. 

To de^l^in detail with the various misst<itements which 
have thus been passed from hand to hand, would take 
Cause of much time, and would, moreover, be 

Fornler scarcely courteous to the original work of 
Errors. j)j. Bowman. One point alon^ requires 
notice — ^namely, the cause of the origination of many 
of these mistakes. * ^ 

The developing boll grows to its fiill external dimen-, 
sions in the first half of its maturation period. Thence- 
forward its external a|)pearance remains unchanged, so 
that unless fiowers are labelled with their dates in field- 
crop, the microscopist w'll be confused by finding different 
stages inside bolls which appear externally to be fully de- 
veloped and ready to open. The confusion thus intro- 
duced has been accentuate^ by the use of greenhouse 
plants grown in England, instead of normal plants grown 
in cotton-fields. The study of l^he al^normalities shown in 
the former conditions is a separate subject for research 
in itself. The truth of»this criticism is demonstrated very 
well by Fig. 34 in the 1908 edition of Bowman, -v^ere 
five bolls are ^figured as ’ ten, twenty, ‘thirty, forty; and 
sixty days old, respectively. Of these, the twenty and 
forty day bolls are typical o^ what the Egyptian palls 
“nabroon,’^ or a stunted condition duel to premature 



68. THE I)EVELOi>MENT OP RAW COTTON 

partial obstruction.' of the stalk by a cork-layer, a process 
which carried further leads to shedding. If the very 
marked indicp.tion in this figure of the lines along which 
the boll opens may be trusted, all the bolls figured were 
extremely unhealthy. 

Trustworthy conclusions as^ to de^<ails cannot be drawn 
in this way, and to force these abnormal plants into 
publicity with one hand, while writing on the extreme 
sensitivity of cotton to environmental influences with the 
other, can lead to no great progress in the mutual con- 
fldence between grower, spinner, and scientist, which is 
needed for the benefit of the trade. 

T\\e following account of the dcvelojiment of the fruit, 

• seed, and fibre, is based upon material taken from a pure 

strain of Egyptian cotton, known as No. 77, 

Matorial. , . . 

producing lint which is akin to the Nuban 

variety of Egyptian, but rather longer and stronger. The 

account has been checked by examination of many other 

kinds of cotton, both Egyptian and American. 

The Flower- Bud (Fig. 11). — The first appearance of 
this characteristic bud, witji its three -cornered cover of 
leafy bracts, takes place between three and four weeks 
before it opens into a*^ flowfer. It is formed at the end of 
the flowering branch, and any further extension of the 
latter is indirect. In the case of vegetative branches the 
terifiinal bud persists, and continues to develop fresh 
leaves and stem-joints. In the^asef of flowering bi ancheo 
tl^e- terminal bud is differentiated into a flower-bud^ and 
the.fujther extension of ^ihe branch results from a new 
bud arising in^'^the axil or^^junction of the leaS next below 
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the flower-bud (PI. VIII.). This new bud grows out in 
almost a straight continuation of the old stem, forcing 
the flower-bud land its stalk sideways, and itself repeats 
the same performance. Each new flower is therefore in 
reality a Jateral branch from its predecessor, though the 
general appearance i§ as if^each flower was "an offshoot 
from a li'^in flowering branch. 

The flower proper begins to develop inside the three 
enclosing bracts at a date which can be fixed with cer- 
tainty as being twenty* three days before the flower opens, 
in the case of No. 77 strain grown at Giza. 

During these twenty-three days the various portions 
of the flower are developed, and their internal structure 
is differentiated. 

The chief of these latter processes is the formation of the 
male and female sex-cells; but as the author has dealt with 
them fully elsewhere, and as the (fetails are not immediately 
relevant to our present t(>pic, a few general remarks will 
suffice. 

The various parts of.the open flower are the green ring of 
the calyx (which must not confused with the three external 
leafy bracts), the coloured petals, the hollow brush of stamens 
containing the pollen, and the ovary containing the ovules. 
The latter develops after flowering and fertilization into the 
fruit, or boll, and into the seeds, respectively. * 

The pollen-grains each contain two male nuclei and one 
other nucleus. The nucleus is a definite stnictiye found in 
the protoplasm of every living cell (e.g.. Fig. 11, B, h, and t?, c), 
there being usually omft ijuMeus to each of the cells which by 
theii* growth and multiplication build up the bodies of , all 
living organisms. The function of this nucleus appears to*be 
that of directing and controlling* the behaviour of itsolf and 
of the rest of the living substance, or protoplasm, of the cell. 
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The transmission of inherited oharaoters also appears to be 
centred mainly, if not entirely, in the nucleus of the sex- 
cells. 

I The ovules contain eacn a large ceil in me centre (J^ig. ii> 
Ay g, h)j in which is a single female or egg-cell, with its nucleus, 
accompanied by a bevy of seven other nuclei, eagh with its 
defbaite function. Fertilization of the egg-cell by fusion with 
one of the male nuclei of the pollen-grain (Fig.^1, jB, a) 
produces a fusion nucleus, or fertilized nucleus (Fig. 11, jB, 5). 
The fertilized egg-cell thus formed is the first origination of a 
new plant, and on looking down the microscope tube at two 
fusing nuclei, whose aggregate diameter is only 0*016 milli- 
metre, or one-fifteen-hundredth of an inch, it must be realized 
that the nature and origin of these two specks of protoplasm 
is determining irrevocably the nature of the plant which wil 
gro'w'from them (Fig. 11, 5). 

• Of these various ®port ions of the flower, the fii'fet to show 
itself in the developing bud is the calyx. The rounded end 
of the branch within the three tin/ bracts begins to make a 
ring-shaped protuberance.* Within this ring two other rings 
ai4 formed, the outer one having an undulating edge, and 
its five undulations growing into the five petals. The inner 
ring grows up into a hollow cylinder, and the stamens arise on 
the outside of this cylinder as isolated protuberances, which 
develop into the stalked yellow or buff-coloured sacs con- 
taining the pollen-grains. 

When these latter protuberances are so far advanced that 
the processes which will result in the formation of the pollen- 
grains themselves have already begun, a fourth and last set 
of rings arises on the end of the branch, within the staminal 
oyliifder. i'hese rings develop into the ovary, and thence 
into the boll. Thdy are variable^n number^ccording to the 
kind of cotton, and are situate around the centre of tho end 
of*the branch. Each one as it grows becomes larger at the 
basd, forming a flask-shape^ body (Fig. 11, .4,^0); the necks 
of these flasks ^|idhere to dhe another, and ultimately form 
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the “ style ” of the flower, which protnides through the hole 
in the centre of the cylindrical brush of stamens, and is 
destined to receit'e the pollen-grains which effect fertilization. 
The bodies of these flasks similarly adhere, and form-*- 
according to the number of flasks — an ovary, consisting of 
two, three, four, or five loculi, and ultimately a boll, which 
will open into two, thre^, fouri or five divisions, or “ locksf * 

On the’Hnner wall of the body of each flask (F'ig. 11, c') 

there next appears a double row of small protuberances, from 
which are formed the ovules, and consequently — after fer- 
tilization — ^the cotton-seeds. Each of these protuberances 
as it enlarges forms round its base two annular swellings, 
first a lower one, and then another above it; th‘«se are the 
beginnings of the seed-coats. The embiyonic seed-coats 
grow up over the protuberance on which they are formed, and 
completely enclose it in a double jacket (Fig. 11, c,*/, g)>^ 

excepting for a minute hole at the top, through which ^ho 
fertilizing pollen-tube v^ll ultimately enter. Until fertiliza- 
tion has been accomplished, thesQ seed-coats are of uniform 
structure internally, excepting that the outermost and inner- 
most cell layer of each can be distinguished as an epidermis. 
The outer epidermis of the outer coat gives rise to the cotton- 
fibre itself (Fig. 11, A ic; C, a, h, c; Fig. 13). 

The Flower (PL III.). — The processes so far described 
have taken place during twenty-three days, and when 
the flower opens on the morning of the twenty-fourth 
day it consists of three leafy bracts, about three inches 
long, cut into long ngCrrow teeth (in many cottons), en- 
closing an inconspicuous green calyx-ring, from 'v^thin 
which rises tHb bell* or frumpet shaped corolla, with its 
brush of stamens, and the more or less protruding style. 
By about 9 a.m. on the day^of flowering the ceroUa is 
fully expanded, and the sacs hi pollen e^fe gaping open, 
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setting free the pollen-grains. By the evening the corolla 
has faded, turning in the process to pink and red colours 
if the fading is taking place in damp air, or simply drying 
up if the air is dry, with the colours almost unchanged. 

Meanwhile pollen has reached the style, either by 
accident or brought by bee8,\Kliich have visited the flower 
for the honey which it secretes from the nectarie/'between 
the bases of its petals. In either case the pollen may be 
derived from the same flower or from a foreign flower. 
In the former case the flower is self -fertilized ; ” in the 
latter it i^* crossed,” and this latter event happens in 
6 to 10 per cent, of the seeds ripened in an Egyptian 
fields Lastly, if in the latter case the pollen is derived 
•from an identical brother-plant, such as another member 
of ^;he same pure strain, the effect is the same as self- 
fertilization ; but if — as is likely to be the case in 
commercial varieties — the polJen-partmt is not exactly 
identical, the effect is to produce a hybrid embryo, and 
consequently a hybrid plant in the following season. The 
exclusion of such foreign pollen (PI. XIII.) is the great 
difficulty confronting those vfho attempt to introduce new 
varieties of cotton or to improve old ones. 

The action of the pollen fs very like that of a parasitic 
fungus. The pollen-grain germinates when placed on the 
style or in a 2 per cent, solution of* sugar, and sends out 
a tulfe, which grows between the cells of the style tissue, 
through the inner walls of thd ov&ry, afiid enters the 
cavity of the ovary. There its end creeps over the sur/ace 
of tlve ovules until it enters the small hole left by the 

* * ( c 

seed-coats. Pafesing dowif this canal through the two 
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coats, it reaches the tissues inside, arid burrows through 
them till the end reaches into the large central cell already 
mentioned (Fig. 11, A, h) as containing the egg-cell and 
its seven attendants. There the end of the tube literally 
swells up and bursts, setting free the male nuclei inside 
the large central cell, or, ^s it is commonly called,* the 
embryo-'?ac. One of the male nuclei fusfes with the egg- 
cell, as already mentioned, forming the unicellular Embryo. 
The other fuses with two of the attendant nuclei, forming 
a triple-fuvsion nucleus,” the fate of which is to provide 
by its division some tissue called the “ el^dosperm ” 
(big. 11, A, k), which at^ first surrounds the young, 
embryo, and is subsequently destroyed and digested by 
it during' its growth, until only a papery layer* is left in 
the ripe Seed betwe^ the embryo and the seed-coat, 
along with an outer papery layer which represents the 
remains of the tissue in wluch the embryo-sac jv^as 
situated. Thus the embryo sac filled with endosperm 
absorbs and digests the surrounding tissue up to the 
seed-coats, and is itself absorbed and digested later by 
the embryo, till only the embryo and certain layers of the 
seed-coat are left alive, one complicated structure after 
another having been in its turn dWeloped and sacrificed 
to its purpose. Lastly the seed-coat dies also. 

Of the many pollen-tubes which germinate the style, 
only some twenty or so can find an ovule. Those whicli were 
too late in stiirting, ‘or t!>o slow in growing down the style, 
al^o perish, and their remains may partly be traced in the 
walls of the young fiuits ; while the rest are throwq off ^hen 
the style bfcaks away from thc^oint of th^ young bolf. 

•Some remarkable features of this race between the pollen- 
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tubes require further study. The style of some kinds of 
cotton is either non-nutritioiis, or more probably poisonous, 
to the pollen of other kinds. Thus, crosses between the 
Indian group of cottons and the Upland or Peravfan groups 
do not appear to be possible. Uplands and Peruvians can, 
on the other hand, be artificially intercrossed with case. 
Even in this case, however, if„ equal, amounts of self and 
foreign pollen are placed on the style simultaneous!;^, so that 
both have an equal chance, 97 per cent, of the victors will 
be self-tubes; so that, although Egyptian pollen can grow 
down an Upland style quite satisfactorily, it cannot grow so 
fast as the Upland’s own pollen can do, and vice versa. If, 
lastly, the pollen mixture is made with pollen from the first 
cross between Upland and Egyptian, the percentage of wins 
credited to the home team falls to about 60 per cent.; the 
hybrid pcx'len is said to be more “prepotent.” TJiese facts 
hav^ considerable economic bearing on the possibility of 
keeping cotton strains pure with fewef precautions, but it will 
take a great deal of tedious Research to find whether they have 
any utility. 

The Fruit: General (Fig. 13). — The few days im- 
mediately preceding flowering, and the day of flowering 
itself in particular, are extremely critical ones in the 
history of the fruit, hor some reasons which are not yet 
understood, the open flower is extremely liable to 
shedding ^ (see p. 48). The cause which provokes 
such shedding, with consequent complete loss of the fruit 
from its cori^r of the plant scaffolding, is usually shortage 
of water, either for. the whole plant or for the particular 
fruit concerned. The shedding of older fruits is mijch 
rarer/ and in all probability the disposition to shedding 
presence of some chepiical sub- 
jj^ance or substances formed just at the flowering stage. 
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The history of the fruit proper may be taken as be- 
ginning with pollination, or perhaps with fertiUzation of 
the egg-cell. . 

^ The flmXrer having opened completely by nine or terf 
o clock, is pollinated shortly afterwards. By the after- 
noon of the following day the egg-ceU has beea fertilized, 
and is-in.a resting state, the first day k thus marked 
by fertilization (Fig. 11, B, h). 

On the third day this resting egg begins to divide into 
two ceUa(Fig. 11, B, c), which again divide, and continue 
to do so, till at rhe end of a week the embryo, is visible 
under the microscope as a body beginning to’ show a 
heart-shaped outline, about *0 01 miUimetre long, and 
therefore scarcely visible to the naked eye. Fnom ’this 
its increase in size continues rapidly, till at the end of the ' 
fourth weekii has completely filled the seed (Fig. 11, JB, /), 
Meanwhile the seed has also 1)een enlarging, and in 
rather less time has atiaiiied its fuU and final dimensions. 

The boll also reaches its full length and diameter in 
this period, and the lint, which began to sprout from the 
^ seed - coat on the day when the flower opened, has 
attained its full length. 

The period of maturation, irom.the opening of the 
flower to the opening of the boll, being forty-eight days 
in the case of strain No, 77 at Giza, the boll thus appears 
to be fuDy grown at the end of twenty-four days. Injihe 
remaining twenty day^ however, much remains to be done 
in the way of structural differentiation. The seed-coat 
hardens to protect the embryo, the embryo differentiates 
its internal structures ready to begin an» independent 

S 
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existence when the seed is sown, and the lint thickens its 
walls for reasons which, as Mr. Flatters pointed out, have 
usually been ascribed to* the direct benefit of Lanca- 
shire ! 

Wo have already mentioned the confusing effects which 
tl^is stoppage of external growth has had upon the 
previous accounts of boll development, and it jjemains to 
point out that the phenomenon is not new or strange. 
It is, on the contrary, the usual procedure of plants first 
to enlarge the cell or organ, and then to differentiate 
inside the skeleton of delicate cell wall or tissues thus 
formed. That it should have taken so many years to be 
noticed in the case of th4i cotton-boll is almost incom- 
prekensible. 

^We will now examine some of the details of this 
development, taking the boll itself first, then the seed 
with its components of seed-coat, endosperm, and embryo, 
and lastly the lint. 

It should be remembered throughout that the figures 
and dates assigned are averages'. Ih the case of any given 
boll they may be distorted to 'a definite amount, but 
under the conditions attained in ordinary good irrigated 
cultivation this distortion will not be more than about 
4 per cent, either way in about half the number of 
bolls observed, while a distortion of 16 per cent, will be 
practically impossible, 

Development^ OF the BoLLi(Fig^ 13).7-The full-grown 
boll of No. 77 strain is 26 millimetres in diameter and 
4t) mj^metres long, with its maidmum diameter at 
two-thirds oh the distance from the tip.*^ About one 



boll in ien has only two divisions instead of three, this 
peculiarity of the strain b.eing a useful mark. The 
ovary from which it develops is about 5 millimetres in 
diameter. 

The yellow petals having faded during the afternoon 
of the day of flowering, they wither and cky up during 
the first day of the boll history, and on the second or 
third day have usually fallen off, carrying with them the 
faded brush of stamens, and bres^king away the remains 
of the* style. This cutting off of the petals is effected by 
the differentiation of a layer round their base, the cells 
of which separate from one another instead o! remaining 
united after division. Thtf process of shedding of the 
bud, flower, or boll, is effected by the plant in* the’ same 
way, the layer of special cells in this case being formed 
across the stalk. lA both cases there is probably a 
reaction to some chemical stilnulus, normal in the one 
case, abnormal in the other. Some accepted accounfi of 
cotton inform us that the petals undergo a “peculiar 
rotation ” on their own axis, whereby they “ twist them- 
selves completely off.-’ This is scarcely correct. 

The diameter of the ripening ovary, or boll, has mean- 
while been increasing rapidly. Icom some 4 to 6 milli- 
metres at flowering, it enlarges by about a millimetre of 
diameter each day. ^On the sixth day it has a diameter 
of 12 millimetres, or half-size; on the twelfth day milli- 
metres; and pn th^ eig^;iteenth day 24 millimetres. The 
figures with this strain are easily remembered, being six 
more than the number of days. After the eighteenth 
day the rafte is rapidly decreased, and thd full diameler of 
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26 millimetres— t.e*, 24 to 28— is attained by the twenty- 
fifth day. Henceforward .there is no visibly change in 
the external appearance ot the toll until it tegins to 
show signs of cracking along the two or three lines of 
dehiscence on the forty-fifth day. On the forty-eighth 
day^it is opening and hardening, and on the fiftieth day 
is ready to pich^ 

Development of the Seed (Fig. 13).— The ovule, 
when fully matured and ready for fertilization, is about 
1 millimetre long. After fertilization, when it receives 
the designation of a seed, it increases at the following 
rates ; 


fLength in Width in 

Millimetres. Millimetres. 

^ Third day . , . . 1 J 1 

Sixth day*, , . . 3 IJ * 

Ninth day.. . . 2 

Twelfth day . . 6| * SJ 

Fifteenth day . . 8 5 

Eighteenth day *. . 9J 


f 

‘Thenceforward the growth ceases rapidly, and 10 by 
6 millimetres is the average size of the full-grown ripe 
seed. 

The Endosperm (Fig. 11, A, k). — The embryo sac of 
the ripe ovule extends over about half its length. It main- 
tains this proportionate size* as the seed begins to enlarge, 
and then encroaches on the neighbouring tissue. The 
triple fusion nucleus already mentioned does not delay its 
division like the egg, but by the evening of the day on 
which fertilization took place (iShe first day of develop- 
ment) has divided into two separate nuclei. These re- 
peatedly divide, until by the third day there are some 
hundreds of nficlei arranged in a layer of protoplasm 
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lining the wall of the embryo-sac. * The large central 
Cf.vity not occupied by protoplasm is filled with cell sap, 
consisting of water with various salts and food substances 
dissolved in it. At the end of the seed, where the embryo 
is situated (corresponding to the tip or stalk end when 
viewe,d from the outside), tjie nuclei form walls bet'v^een 
themselves, cutting the protoplasm into definite cells, in 
the midst of which is the embryo embedded. Walling off 
does not take place until rather later in the other parts 
of the embryo-sac. By the eighteenth day the embryo- 
sac is about one-quarter filled with endosperm tissue, 
and three-quarters with cell^ sap, and in three or four 
days more the endosperm has filled the whole sac,#only 
to bo disorganized and obliterated by*the embryo tvithin* 
a week. 

The Embryo (Fig. 11, B, iyid Fig. 13).— We have 
already mentioned the earliest origin and appearance ^f 
the embryo. To tlie naked eye nothing of the nature of 
an embryo is visible on cutting open the seed until about 
the fifteenth day, for, although the embryo has been 
growing steadily all the time, its initial dimensions are 
so small that even rapid cell division does not give it any 
great size until several days fiave elapsed. This makes 
its ultimate behaviour all the more striking. On the 
eighteenth day it can l3e seen clearly by the paked eye, 
in three days more it is 2J millimetres long,' and m a 
week more it hfls prabtica*lly filled the seed. The second 
half of boll maturation is occupied, so far as the embryo 
is concerned, by differentiating the internal stnfcfuces, 
with which we are not concernM. 
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The SBED-CoATs'fFig. 13). — ^The two coats of the ovule, 
whose origin we have des'qribed, consist of ‘almost un- 
differentiated cells, all resembling one anolher, ^cepting 
that inner and outer epidermis can be recognized on each 
coat, and that vascular tissue, or veins, traversesrthem to 
provide food and water. Th€ vascular tissue enters the 
seed by its stalkj runs along the side, and then breaks up at 
the wide butt of the seed into short distributing branches. 

The two coats, though originating separately, are 
closely ap^ressed to one another, and for all practical 
purposes form a single layev. In the ripe seed this double 
jacket of delicate thin-wallpd cells has been converted 
into a horny protective envelope, consisting of the fol- 
lo\^g structures from the outside inwards : There is an 
epidermis (between the cells of wljich the lint arises), an 
outer pigment layer, a bard “crystal layer” (Kry stall- 
sqkicht of Weisner), then a very thick horny layer of 
palisade-like cells, followed internally by the iimer pig- 
ment layer, to which succeed the two papery remnants 
already mentioned as being derived from the endosperm, 
etc. 

Though their thickness becomes greater through in- 
creased cell size and division, the coats show no marked 
change until the twelfth day of boll development, except- 
ing for the, growth of the lint and*fuzz hairs. 

On the twelfth, day the outer epidermis of the inner 
seed-coat (corresponding to the*layet fronf which the lint 
arises in the outer seed-coat) begins to increase the size 
of itscconstitupt cells. 

Bv the fifteenth day these cells have undergone marked 
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elongation in a radial direction, and thbir nuclei show up 
very distinctly, scattered about ‘all parts of the “pahsade” 
layer whigh is formed by this elongation. 

By the eighteenth day the nuclei of the “ palisade ” 
layer have taken up their position at the ontwarH And of 
each palisade cell. 

By the twenty-first day the inner end^f the palisade 
cells has begun to thicken its walls, so that this layer, 
when viewed in section, consists of one-half thick-walled, 
clear, translucent, stony tissue, streaked by the original 
cell walls, and the outer half of the zone aloii# contains 
the nuclei and granular protoplasm, with the same walls 
still relatively thin. 

The epidermis continues to increase the depth of its* 
constituent cells for another week, and the palisade layer 
builds more and more thick ceU wall on the iimer end of 
each of its own cells, thereby forcing its nuclei fartljer 
and farther from the centre of the seed, so that some 
three-quarters of the palisade zone consists of translucent 
stony cell walls. 

About the twenty seventh day, when the seed-coats 
have reached the state of development described, a 
marked chemical change takes place in the pigment 
layers, which has not yet been investigatea, but which 

is of considerable interest because it denotes the be- 

0 

ginning of the second stage of boll maturacion, during 
which the linlf is gifen As strength. The change shows 
up in material which has been preserved in a mixture of 
acetic acid and alcohol. All the bolls from the fiM stage 
“ pickle ” to a green colour, Vliich, of course, fades to 
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brown on exposure to light. From the twetxty-seventh 
to forty-fifth day, however, the pickle thufi made is at 
fhst pink, and then bright red. The colour is- probably 
connected with the development of pigment in the seed- 
coat. When the boll is beginning to crack, th^ pickle is 
brdwn. 

By the thifty-third day the palisade layer would 
appear to have reached its limit of possible extension by 
the method of construction practised thus far, and it 
finishes by putting down a certain amount of thick cell 
wall exteiyially to its nuclei, so that in the ripe seed the 
palisade layer, which comprises half the total thickness 
of the seed-coat, shows a granular zone running through 
nt at about one-third of the way inwards. This zone is 
the dead remains of the nuclei ^id protoplasm, which 
thus constructed and sealed their own living tomb. 

^t the same stage the epidermis has finished enlarg- 
ing, and has begun to thicken its walls. 

Subsequent changes are relatively, uninteresting. The 
inner epidermis of the outer seed-coat thickens its walls 
without marked alteration otherwise, and the cells which 
separate it from the outer epidermis are disorganized to 
form the outer pigment layer of the ripe seed. 

All the cells lying within the palisade layer are similarly 
disorganize^, forming the second pigment layer, the inner 
epidermis of the inner coat disappearing along with them, 
in marked contrast to the enormous palisade layer fornied 
from the outer epidermis. 

It seemed worth while to give the dettqls of seed- 
coat development at someTength, because of the casual 
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assista»nce which they might provide to persons wishing 
to ascertain the age or state of ripeness of odd samples of 
cotton-seed or of seed cotton which might have to he 
examined. An entomologist, for example, could easily 
use theni for dating the attack of a boll-woiyn. If used 
for such purposes, ho^ever,*it would be advisable to take 
a check series when possible, as the times given would 
necessarily vary to some extent from country to country, 
and even within the same variety. Thus, at Giza, in 
1913, while Strain Xo. 77 had a maturation period of 
forty-eight days, the same period on the sam^ land for 
“ Domains Afifi ” was fifty-one days. 

Development of the Lint (Fig. 11, G, and 
— Whatever refinements we may ultimately be able ^-o 
introduce into our knoivledge of lint development, so as 
to explain the origin of subtle differences which only the 
expert can detect, between samples of the same urd- 
formity, length, brealdng strain, diameter, and colour, it 
is now clear that the progress of inquiry has been ham- 
pered in the past by u^inecessary and mystical elabora- 
• tions of what is actually a most simple story. 

The origination of the fibre, is quite independent of 
fertilization, and also of pollination. Flowers»picked at 
noon on the day of flowering show well-defined lint hairs, 
about as long as they are broad (Fig. 11, Cy*b). 'fhe 
lint hair itself is a simple pnicellular hair, formed by the 
outward extension of the external wall of a single outer 
epidermal cell of the outer seed-coat. The full diameter 
of the hair iij attained almost at once, when it is only 
tV millimetre in length (Fig. 11, 0, c), wliile its length 
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continues to increase until the twenty-fifth day of de- 
velopment, after which (Fig, 13) its wall begins to thicken, 
giving strength to the lint. This thickening ia not uni- 
form, but leaves simple pits in the wall (Fig. 12), set 
obliquely, apd the closure of these pits when* the wall 
dries after the boll opens gives twist to the fibre.. The 
uninucleate ce\l-contents remain alive until the boll 
begins to open, when they die through desiccation. 

The ordinary epidermal cell of the outer ovule coat has 
a thick basfil wall, separating it from the subcpidermal layer, 
thinner side-walls, a thin cuticle covering the outer wall and 
dipping slightly between the side-walls, with a nucleus 
which is about one-fifth of tfio length of the cell, and small 
sap cavittes in the protoplasm. 

The outer wall of some of these colls bulges, their proto- 
plasm becoming densely granular inr the protuberance, while 
the nucleus moves up closely behind these granules. The 
selling enlarges to about twice the diameter of the original 
cell, and the nucleus passes out into it with all the chromatin 
retracted into a large, deeply-staining, central nucleolus. 
The nucleus keeps at a short distance behind the tip of the 
swelling, or hair, which continues tp elongate at the rate of 
about 1 millimetre a day, which may be expressed in terms 
of diameter as about twice the diameter added to the length 
on the average every fiour. * It is almost certain that in the 
case of Egyptian cotton this elongation is not continuous, 
but is intermitted during sunshine^ in the same way as the 
gro^h of the branches or stem. 

: The nucleus at, a later stage appears to settle near the 
(Joiintre of the fibre, about one-third of *the wAy from the tip. 

I The cell wall remains extremely thin for the first three weeks 
an(J the cuticle which still covers it can scarcely be differ 
entiafed, ^udlefc the wall has been swollen by Schweitzer** 
reagent, when (being unaffected by the ammoniaoal oopp^ 
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oxide) it causes the familiar beaded appearance, the cellulose 
of the wall swelling through tom places in the cuticle. 

The actual length to which the hair attains depends in 
the first place on the inherited nature of the plant which 
bears it, afl discussed in a former chapter, and in the 
second place on the environlnenta^ circumstances during 
some ten days only, as discussed in Chaptei IV. What- 
ever may have happened to the plant before or after 
these ten days cannot affect the length, exclusive only 
of the self* poisoning phenomena of Senescence. These 
latter probably enter to some extent into the life-history 
of every hair, but more research is needed upon them. 
One obidous utility of such research should be apparent, 
imthat if senescence is the cause which checks the growth 
of the fibre at a certain length, '«lt might be possible to 
obviate it, and produce lint of any length desired ! 

•^In the case of a batch of flowers marked on July 10, 
1913, and picked at regular intervals till maturity, on 
No. 77 strain, the final mean Jength attained by all the 
fiuits left to ripen was 30 millimetres (determined by 
seed- combing). The flowers from a few days before and 
after also gave the same length, so that the environmental 
circumstances were obviously acting fairly uniformly at 
the time. The mean length per day in the developing 
boll§ was as follows : 
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Some bolls and seeds stopped before reaching 30 milli- 
metres, and some extended beyoAd it, the extreme lengths 
ultimately attainted by sixty seeds which were measured^ 
when ripe being 24 and 35 millimetres, twenty of these 
being 29, ^0, or 31 millimetres in length. These devia- 
tions from the mean ^re, course, due to accidental 
circumstances, such as a check in growth frem any cause, 
affecting the boll locally or the plant generally. 

' It should be noticed that the rate of growth is at its 
maximuiip somewhere near the fifteenth day, and is slow 
at the beginning. This should be borne in miijd, as it 
will recur in the next chapter. Obviously, any cause 
affecting lint length will have most influence if it* is 
acting on a boll which is fifteen days old. 

Up to the twelfth day the delicate lint is firmly attached 
to the seed, and can only be torn^away with some diffi- 
culty. By the fifteenth day, however, a noticeable change*^ 
has taken place, and the lint can be stripped off with 
great ease during the next fortnight, leaving a smooth, 
shiny seed-coat behind. The subsequent firmer adhesion 
pf the lint is due to the lluckening of the epidermal cell 
walls, but it never again is so firmly h^ld as during these 
first two weeks. 

The first signs of thickening of the lint are apparent on 
the twenty-first day, though no visible increase^ in wall 
thickness can be seen. This first sign is a very sim^e 
one. Materia] w4iich has l!eon pickled in alcohol dries 
very Quickly, especially when single hairs are removed 
and held in the air. Hairs thus treated from maffeyial 
earlier than tlie twenty-first day are contorted in all 
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directions as they dry up, but hairs of the twenty-fo^; 
day twist up as they dry. By the twenty-seventh day! 
the wall is visibly thickened with secotidary deposits of 
cellulose on the interior of the primary cellulose wall and 
its cuticle. This accession of material continues until the 
bbll is about to crack, bi^t the, most rapid increase is 
noted about the thirty-sixth to thirty-ninth days. 

Meanwhile, by the thirty-third day it is easy to dis- 
tinguish the simple pits in the wall (Fig. 12). These pits 
are common in many kinds of vegetable cell' wall, and 
are not^, in any way peculiar to cotton. They are of 
about the same length as the diameter of the cell, and 
are set at an angle of about 30 degrees to the axis of the 
hair. 

c 

They are not at all easy to reco^ize; ordinary illumination 
with a good microscope does not display them, owing to the 
^ranslucency of the cell wall and the background of granular 
' protoplasm. A much higher and better magnification (c.flf., 
Zaiss compensating ocular 6, and 3 millimetre apochromatio 
objective) is needed than their size would appear to warrant, 
together with “ critical ’’ illumination. It should also be 
noticed that they cannot be seen in ripe hairs, having been, 
obliterated by the twist, nor are they distinct in old pickled 
material ; but they o&nnotr be missed in the unripe, untwisted 
hairs, giV*en a good microscope, new material, and correct 
illumination. 

^That they have thus far escaped notice is probably due 
to* the fact that the observetrs wjio had the microscopy 
had not the material, and vice versa. The discovery If; 
tJiein renders unnecessary a great deal of speculative 
philosophy which has <been accumulated iround the sub? 



jeot of twist. Given such pits, the filJre must twist wheii 
it dries, unless the wall has Been thickened so much as^ 
to obliterate tBe central cavity almost entirely. Whether 
the twist is right or left handed in any part of the fibre 
is determined by whether the pits are laid down with an 
inclination in one dii;0ction*or the other, ^rhis direction 
appears to be accidental. It might be Veil if someone 
would re-examine the useless wild-cottons, which have 
weak twist or none, on these lines, and see if, as is 
probabre, the pits are set too obliquely or too trans- 
versely to effect a good convolution of the#hairs. It 
should be noticed that the twisting of the cell-wall may 
take place completely before collapse begins. Unripe 
lint kept in pickle behaves thus? The subsequent* 
collapse which renders^the convolutions visible when the 
boll opens can thus take place without further twisting. 

The actual mode of thickening is open to further investiga- 
tion; a well-thickened wall is about 0 004 millimetre thick, or 
about one-six-thousandth of an inch. This wall is probably 
composed of concentric layers, laid down during the active 
growth of each successive? night, and numbering about twenty- 
five in all, of which a dozen should be of appreciable thickness. 
The daily or nightly layers would thue at the most be about 
0*0004 millimetre in depth, so that their resolution by the 
microscope is highly improbable, without some previous treat- 
ment. Having been led to consider the existence of such 
concentric layers as probable, the author made set'eral 
attempts to se^if thgy cfuld be recogilized, but without 
Buocass. Indications arc sometimes seen when a section 
across a fibre has been torn slightly by the razor in putting. 
If they exist^ it is possible that some of the^er details of 
grading may be concerned with fheir arrangement, and the 
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finer properties of ootton might be partly due to regularity 
of concentric structure, and to alternation of denser and looser 
layers of cellulose, analogous ‘with the grain pi timber. 

^ Mr. Scott Taggart has raised a reasonable objection to 
the view that the fibre twists upon itself, but it isdoubtful 
wh^ither the objection is v#d. Ho assumes th§.t the 
hairs would knbt themselves together inextricably if this 
were the case. As a matter of fact, they do knot them- 
selves up a great deal, and now wo recognize that the 
cell does not collapse until the boll is opening,' wo can 
allow the^ much more ‘space to avoid one another than 
when it was believed that the twist was put in while the 
boll "vras still closed. A simple feature which seems to have 
• escaped notice in this connection is the expansion of the 
seed-cotton when the boll opens. ^ This is simply due to 
the twisting of the individual fibres, and when any fibre 
fii^ds its freedom to twist opposed it necessarily pushes 
away its outermost neighbour, who is on the line of 
least resistance. The summation of all these little efforts 
expands the seed-cotton into a fluffy “ lock.” Very thin- 
walled cotton, which cannot exert a very powerful twist 
on drying, ripens silky locks of seed -cotton, in wliich the 
fibres run more parallel than in a more robust kind. 
Taking into consideration the fact that a fibre removed 
from the boll during the latter h&lf of maturation does 
twisf when dried, the evidence is probably against Mr. 
Scott Taggart’s hypothesis of Collapse whhout twisting, 
as a whole; but it is not improbable that the twist takes 
place, &s in pickled material, before the collapse which 

• w ^ c 

reveals the convolutions (p. 79). 

The density of lint oa the boll is determined ^hen the 
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lint first originates by the protrusion of individual 
epidermal colls. There does net appear to be*any further 
growth of epidermal cells into lint hairs after this first 
day, in spite of accepted statements to the contrarjr. 
The density of the lint on a given area of seed-coat should 
thus, other things being eg[ual, depend on the circ^vTln- 
stances of the environment on the day ji^hen the flower 
opens. We shall see in the next chapter that there is 
some indication of this being the case. 

Fuzz.*— The hairs of the fuzz are distinguishable from 
those of the lint by their much greater diameter, even in 
the earliest stages of their development. They are as a 
rule about twice the diamefer of a lint hair, or more. 
They arise in much the same way, at the same ttme, and , 
from the same layer of cells. We discussed some of fhe 
interesting features of*^his velvety covering in an early 
chapter, and, except by showing the markedly greater 
size of the hairs, the microscope has thrown no further 
light on its significance, nor on its evolutionary relations 
to the lint. 

We have now traced the main outlines of the details 
involved in the development ’of afi average cotton boll. 
A tabular statement of the dates and corresponding stages 
in its life is appended, by the help of which, and of the 
diagrams (Fig. 13), it should not be too troublesome for 
the non-botankt to iK?capitulate the stbry. 

We now pass to a more living account of the develop- 
ment, in which the play and elasticity of the stmebures 
we have described are demonstrated under the elJb and 
flow of environmental conditions^ 
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CHAPTER IV 


DEVELOPMENT OF THE BOLL: II. ENVIRONMENTAL 
INFLUENCES 

By studying in the previous chapter the staged of the 
developmfnt of the boll in one pure strain, we reduced 
the problem to its simplest terms, taking from this 
straiji a batch of flowers which all opened in the same plot 
on the same day, and therefore went through experiences 
as nearly uniform as was possible. The presentment thus 
obtained is, nevertheless, correct in its general outlines 
f^ other kinds of cotton. [ 

Before we can proceed further to some preliminary 
attempts at analyzing the commercial cottons, a further 
examination is needed, in which the Environment is 
allowed to change. The accounts given in this chapter 
are taken from data obtained with the same strain — 
No. 77 — so^ as to avoid confusion, and also because it is 
with this strain only that sufficiently comprehensive 
data have been garnered. As in^ the previous chapter, 
bowflver, the results are generally applicable, with slight 
UMidifications, to other kinds afid environments. 

^JElien, in Chapter V. we shall consider the effects of 
iltarinfe anotlier component of the problem as well — 
namely, the Constitution ef the plants cultivated. 
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There are many ways in which the environment of 
plants can he altered, but the* simplest way of aU is to 
ma^e no attempt to control the surround- 
^Study^^ ings, but simply to record the chang(fS 
which naturally take place. This method 
is almost ideal for the study of developing cotton bolls 
in an irrigated and rainless country. Eg^ch set of bolls 
opening on each day will have passed through a slightly 
different series of experiences from those opening on the 
day befere or on the day following. By arranging to 
obtain continuous observations day by day throughout 
the season, we can watch the effect of any ^particular 
environmental effect upon bdlls of every age. Since the 
understanding of the following results depends* on the 
realization of this point, it may be dealt with a little mdre 
fully (see also Appendi\>^I.). 

We saw in the previous chapter some strong reasons 
for concluding that any marked alteration of the 
environment on a certain day would affect 
Age of Bo . Qf various ages according 

to the particular structural developments which were 
progressing inside them at the time. Consequently, if 
we apply the most severe modfficatibn possible, by killing 
the plant outright, wo shall not affect the length of the 
lint in the old bolls, but we shall prevent it from becoming 
any longer in the young ones. Similarly, since the thick- 
ness of the lint* hair wfi’J not laid do'to until the boll is 
halfway through its maturation, we shall check .any 
further increase in thickness. 

Less sevAe modifications oithe environment, such as 
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water shortage, would presumably act ipi a proportion* 
ately less severe way. Thus, bolls which. were young 
when deprived of water would not mak^ lint of the full 
Ifength, but the lint might be subsequently thickened 
normally if normal water-supply were restored. (Con- 
versely, bolls whichwere three-quarters grown at the same 
time would not, thicken their lint normally, but the length 
of the lint, having already been established under preced- 
ing normal conditions, would be normal and unaffected. 

We will now proceed to see how far evidence obtained 
in this wapr at Giza will carry us. 

Two complete series of data have been obtained. The 
first covers sixty days in succession during 1912, on a plot 
' of wide-sown No. 77, which was purposely 
subjected to severe water shortage; the 
second covers ninety successive days in 
1913, on a group of plants of the same strain, growing 
in field crop conditions on excellent land, with cultiva- 
tion as nearly perfect as it could be, and producing a crop 
from this particular plot of roughly 700 pounds of lint to 
the acre (if allowance is made for feome 160 pounds of lint 
damaged by a very severe boll-worm attack). It will be 
seen later that the attack 6f this pest made no difference 
to the beha'viour of the lint, so long as lint from obviously 
damaged locks was excluded from, examination. 

One difficulty presents itself — ^the dating of the boUs. 
Since there is a 'definite amount of fluotuation in the 
length of the maturation period, there must be uncertainty 
as to the exact stage of development of the old bolls if we 
group' them by the date ofiflowering, and conWsely there 
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will be uncertainty respecting tne young dous ii we group 
them by tbe date of boll-opening. For very accurate 
purposes the powers should* be dated, and only those 
boUs which had ripened from them at the average matuicr 
tion interval should be picked. This would mean labelling 
about five times as many fiowers as were actually used, 
apart* from those lost^through normal sljpdding. 

In these two series the author employed fiower-labeUing 
for the first series, and daily picking for the second. The 
first series was more closely directed to the study of lint 
length, and the second to the study of lint strength. The 
second method, moreover, accords with the Actual field 
practice. 

That a real difference, though a slight one, exists a*8 between, 
the two methods may be seen by examining the folloTV*Ing 
table, which shows th^ “ variability of lint length from 
bolls which were all of the same nolninal age, as determined by 
the two methods, taking sixty-three seeds in each case, and 
measuring the length on each in millimetres. 


Length in Mm. : 

; , 1 

28, 20. 1 so. 1 31. 

1 1 1 

,S2, , 83. 34. 

1 

83. 

36 

Dated by flower- 

■ 1 i 

’ 1 



ing . . 

1 : ■* ' ^1 8, 

21 16 : 13 

5 

1 

3 

Dated by boll- 

III 

i ■ . 

! 


opening 

1 I 6 1 9 1 7 

i i 1 1 

12 j 17 i 6 

i 6 

1 

1 


The lengths are much more irregular in the second case, 
simply because we hawe included (under tfie same nominal age- 
dei^ignation) bolls which were not of the same age when the 
lint length was being determined, whereas in the first case 
our grouping is not likely to be pxore than a day wrong either 
way in this respect. 




Fig. 14. — Daily Flower-?, 1912. 

Diagram showing the changes in the principal characteristics of the seed-cotton from 
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Dated Flowers Experiment op 1912. 

The plot of No. 77 cotton was wide-s^wn with plants 
left standing singly on ridges 1 metre apart, the plants 
being separated by IJ metres on the ridge. Cultivation 
was normal tintil early June, when irrigation was deliber- 
ately delayed, %nd further imgation was then withheld 
from June 19 to August 2, instead of being given on 
July 10 as well. 

Twenty flowers were labeUed daUy from June 7 to 
September 1, and were picked as they ripened. There 
were no ilhsect pests, with the exception of abundant 
“stainer-bug ” and a moderate amount of boll -worm in 
the last bolls. 

The actual numerical determinations made are all given 
in Appendix II., Table I., which*shows how the length 

-Statistics. the ginning 

out-turn, and the weight of a single seed; 
were actually determined. The calculated weight of lint 
on a single seed, and the same figure reduced to a standard 
seed weight of 0-1 gramme, are also included. For the 
general reader, however, the main interest centres in the 
final figures for length and -strength expressed as five-day 
means (Appendix II., Table II.), and in the presentment 
of these and other five-day means i^ the diagram (Fig. 14). 

On this (fiagram are marked the dates of irrigation, and 
we could if necessary include aU the other factors of the 

Soil-Water. such as temperature, wSid. 

evaporation, etc. To do so would compli- 
cate matters uimecessarily, as it is clear that soil-water 
chief factor involved. 
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This influence ot sou-water is characteristic of the 
E^ptian crep during the tip^g of the boUs., In the 
middle of June Vie climatic control, which has until then 
been the main factor of the environment (acting chieflj' 
through might temperature, as we have formerly men- 
tioned^, is rapidly lojt, wi^h the increasing size ahd 
evaporation of the plants, and thenceforward the chief need 
is the maintenance of suflScient moisture around the roots. 

If we now examine the curves showing the changes in' 
these various characteristics, such as lint length and 

Alterations strength, from one five-day meaji to the 
fij^st feature which catches our 
attention is the suddenness with which, the 
changes take place. The length of the lint rises steadily 
from 29-1 milUmetres of. August 1 to 30-9 miDimetres on 
August 10, or nearly inch in J;en days; and this does 
not give the full magnitude of the change, since thi> 
calculation of five-day means tends to smooth out these 
differences. The true change between July 29 and 
August 12 is nearly 4 millimetres, or f inch, which in itself 
is sufficient to change the commercial classification of the 
lint produced. 

These sudden changes are shown "by all the observed 
charaeters, and it should at once be obvious that, when 

Average speak *01 the properties of a bale of lint 

Properties of ginned from the field crop of even a j^re 
Bale. stfain of colton — much less from a com- 
mercial variety— we are speaking in averages. That the 
pickmgs from different parts of the same,field n&y be 
different has long been recognifcd, as alsq^the fact that 
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rapidity with wMoh’the'piopi^es of tbe^coUm may 
ftbnge, 80 that the picking of one day m^y be capabJe of 
differentiation from those of the preceding and following 
days, has not been previously demonstrated. 

Since the particular .seriejs under discussion was not 
grown under trae field crop conditions, we will postpone 
further comment on this point. 

The next notable feature of these records is the entire 
lack of apparent connection between the various curves. 

^ Taking the most important cases from the 

of I^iro^ertier view-point, Length and Breaking 

strain of the lint, we find the length falling 
« steadily while the strength is rising unevenly, so that the 
pickings which ripen from the flowers of July 29 are both 
the strongest and the shortest of the whole series. Thence- 
forward there is a general rise in length and fall in strength, 
so that the flowers of August 11 ripen into lint which 
is the longest of the series, but is about 20 per cent, 
weaker than that of July 29. 

A first casual inspection of tile length and breaking 
strain diagram might thus lead us to the conclusion that 
Possible^ a ripening boll had the choice between one 
Relations of of two. careers, in so far as its lint was con- 
Length and cerned : it could either become strong or it 
Strength, could become long, but it could not attain to 
both at once. A further postulate of some external change 
;WMch would cause the bolls to turn their attentiofl in 
(|irection pi the other would complete a theory of 
Pbotton developpaent whicK would not be far remote from 
the generally accepted opinion of the jgresent da'y^ 
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Further examination would destroy this condudon, for 
it would then be noticed that .t*he two curves do not run 
exactly counter Jo one another, but that there are occa- 
sional minor rises and falls which are the same in botl?. 
These might be due to two causes : either the hypothesis 
of antagonistic development is wrong, and the general 
antagonism of the two curves is mere a^ident; or the 
methods by which these lengths and strengths are deter- 
mined are not sufficiently accurate, and the minor rises 
and falls ^re of no significance. 

Here comes in the utility of modern statistical jnethods ; 
by their aid we can give a numerical expression to the 
chances of inaccuracy for these points which 
Methods^^ compose the curves. It is not necessary to 
go into details of the way in which these 
“ measures of inaccuracy ” are derived, but the result in 
the case of these two curves is as follows : For any poinj; 
in the length curve the chances are even that it is not 
more than 1 per cent, out of the position which it would 
occupy were infinite pains and repetition used in its 
exact determination, while it is highly improbable that 
it should be more than 3 per cent, out of place. For the 
curve of breaking strain the even chance is 1-5^ per cent.; 
and extreme improbability at 5 per cent. 

We now take the rise^in strength, which culminates on 
August 9 (August 5 to 12); we find that the rise is 10* per 
cent. If only ^gust*o and August 9Vtre available, this 
difference might just be explicable by the summation of 
two extremohjr improbable occurrences. Tkere are, Jiow- 
ever, some eight days involved^ all in regular sequence; 
since the addition of each extrjw observation decreases 



P ] TJED DEYELOPMENf OP RAW COTTOK^ ' 

the probable uncertainty of the mean of all the observa^ 
tions according to a definite law, it follows that this rise 
in strength, which culminates on August ^9, is not due to 
deficient precision in the methods used, but was a real 
rise which the plants actually experienced. 

l?7e can now go back to l^e other alternative, assume 
that the general antagonism between length, and break- 
ing strain in this series was mere accident, and see 
whether our knowledge of the structural development 
will help. We decided in the previous chapter that the 
most rapid increase in lint length took place about the 
fifteenth day, while in the thickness of the lint hair wall 
it topk place at about the thirty-sixth to the thirty-ninth 
day. 

We will first consider tho fortunes of some flowers 
opening after July 29, remembering that this date was 

length de ^ period of water 

graded by shortage, when the plants were scarcely re- 
Water taining any of their flowers, and were prob- 
Shortage. poisoned or senescent. 

Flowers opening on August 29 were in their fourth day 
of development when the plot was irrigated, which we 
have seen in the last chapter would imply that their lint 
was about 10 millimetres long; they went on to maturity, 
and produced lint of 28-2 millimetres length. Flowers 
which opened after this day, up to those which opened on 
August 11, were of bourse youhgen when*^ the water was 
given; those which opened on August 11 were then young 
buds hgd only just begun to form their poUen- 
^"^tains, for exapiple. The^younger these buds were when 
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the water was given, the more time they had to recover 
from the poisoning effects of water-shortage in the hot,' 
dry climate of ^Egypt, and the more opportunity they 
had to decompose the poisonous substances which ale 
believed to be formed in the cells. As the amount of this 
poisonous substance decreased in successive flowers, the 
lint grew up more nearly to its full length, but — as we 
shall see in the Daily Picking Series of 1913 — did not 
reach it before the soil began to dry up again, and from 
August 11 the length therefore began to fall. 

The full significance of this poisoning effect has yet to 
be worked out, and it would seem that cotton-h*nt is most 
suitable material for the purpose. Herein 

Pme StraiL principal utilities of pure 

strains : If they do not produce the product 
which we know they are capable of giving us, we can 
recognize the fact at once, and can search for the cause. 
The whole behaviour of No. 77 in this Dated Flower 
Series was rather that of a good strain struggling under 
adversity; it was prevented from reaching its normal 
behaviour by the poisoiung effects brought about through 
water -shortage. 

The main feature of tliese curve! remains to be dis- 
cussed. We have seen that they represent tne*behaviour 
Length and ^ cotton-plant under severely adverse con- 
Strength due ditions, and that there is no significant ton- 
to the Same neotion hjptwcen the properties of length. and 
(Jauses. strength in the lint from any given boll. , In 
spite of this the movements of one curve c^ be used to 
forecast the bther, so that, if we^know the breaking s*train 

7 
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of the lint from hoUs opening on a certain day, we can 
prophesy what will be the length of the lint ip later bolls. 

Let us take the case of a flower opening on August 11, 
i^hich we have seen already was a day giving the young 
fruit a chance to produce lint of good length. Tips would 
probably be due to causes — in addition to the recovery 

( ( r 

from poisoning— acting when it was about fifteen days 
old, as the previous chapter indicated, and if we refer 
to the diagram we shall find that when this boll was 
eight days old the land was watered (on August 19). 
Tlius on August 19 to 25 we know that certain environ- 
mental conditions existed which were favourable for lint 
length development. 

It rehiains to see what effect these same conditions 
produced on tlie thiclmess of the lini hair wall, affeeding 
the breaking strain. Such bolls as would receive the 
most benefit from those optimal circumstances — if such 
were capable of acting equally on thickness as veil as on' 
length — would presumably be about thirty-eight days old 
at the time. Bolls which were thirty-eight days old 
about August 24 would have opened as dated flowers 
about July 20. The flowers which opened about July 20 
are seen — in the diagram — to have had nearly the 
strongest lint hairs in the series. 

We can test the matter for eyery date examined by 
shifting not merely the flowers of July 20 and August 11 
into superposition, but by ntovir^ the, whole curve of 
lipt length back through an interval of about twenty- 
three ^days, as has been done in Fig, M. The two curves 
are \he same, when dq^y synchronized, excepting for 



ENVmONME’NT OF THE BOLfi 99 

alterations in general slope, which are due to the self- 
poisoning effect. 

This identity of the two curves fits in perfectly with 
the microscopic evidence, and we shall see in the n#xt 
series that it was no mere accident of the season which 
brought it about, nor any abnormality of the plots^ but 
that it is even more marked and definite in good cultiva- 
tion than in experimental modifications. 

Before considering the behaviour of the other characters 
it may be worth wliile to comment on one detail of the 
preceding pages. The author has shown elsgwhere that 
it is possible to depict good cultivation ” graphically, 
for under a given set of climatic circujnstances a given 
kind of cotton should flower and fruit at certain defiiyte* 
rates, and if these ra4es are not attained cultivation has 
been defective. Following on* from this, and from the 
remarks on poisoning from water-shortage just made, 
and supplementing them by comparison with the series 
of dated bolls in held cultivation, it becomes possible to 
define the object of good cotton cultivation as a fight 
against self-poisoning, or senescence, or autotoxy. 

Seed-weight is a feature which •we can hardly expect 
to dissolve into its components. To some 'extent it is 
determiijed by the size of the seed, which is 
settled at the same time as lint' ‘length, and 
should therefore fluiJtua.'ie with it. The mere size, how- 
ever, is not everything, and all the subsequent changes 
which the embryo and seed-coats undergo mmst each 
leave its lhark upon the weight finally attained. We 
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Jnight expect that the seed weight would roughly follow 
the mean between the daily changes in lint length and 
breaking strain, and this seems to be the case. Senes- 
cence effects are more markedly shown by the seed, with 
its massive cell structure, than by the more or less iso- 
lated simple Cells of the lint, so that the mean seed weight 
in this series degrades steadily towards the autumn. 

The seed itself is of comparatively little interest to 
those who have to deal with raw cotton, hut to the grower 
and to the owner of the ginning factories 
the out-turn in ginning is a matter of con- 
siderable importance. The cause of the 
very definite seasonal and geographical variations which 
take place in this respect has never yet been explained; 

, differences between different kinds of cotton have been 
partly traced to their source, but the causes of fluctua- 
tion in ginning out-turn have long been mysterious. 
Part of this is due to the difficult way in which the 
ratio is expressed as “lint obtained from 
Lmt/Seed. seed.” If we take the data 

for ginning out-turn and convert them into absolute 
measurements as “ seed weight ” and “ lint weight per 
seed,” we shall find that they are easier to handle. 

In the first place, we note that towards the end of the 
^ ^ ^ , season, when the lint i? becoming short and 

Quality not ‘weak, the out-turn at the gin rises to its 
neoegsarily maximrupi. This is «not the common experi,- 
oonneoted. presumably tHe 

accidental outcome of our abnormal treatment of the plot 
i*i question. It immediately causes one to suspect the 
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truth of the belief that there is a lieoessary corniectioh^j 
between high out-turn and good lint; probably it is a 
matter of accident that the circumstances which produce 
high out-turn do also produce good lint under field con- 
ditiona. 

H|bvmg turned th^ out-turn data into lint weight* (per 
seed), we may now compare lint weight* and seed weight. 
They are evidently closely related, and the same cause 
which affects one also affects the other. That the 
relatioh is not absolute is shown — without the necessity 
of plotting correlation diagrams — ^by the mere existence 
of out-turn variations. The question therefore arises as 
to the causes which may disturb tliis relation, causing a 
seed to produce more or less weight of lint than is norma} 
for its own weight. ^ 

We cannot ascribe a rise in out-tinn to increased weight 
of individual hairs through extra thickening, for if Jhis 

, were so the out-turn curve should be the 

Possible 

Causes of same as the strength curve. We cannot 

Out-turn ascribe it to increased length of hairs of 
fluctuations. thickness, for this would make out- 

turn and length curves identical. If we ascribe it to 
deficient nutrition of the see*d during the lajer stages wo 
shall spoil our own argument, for that would entail de- 
ficient nutrition of Ifhe lint hairs, which would thicken 
less, and therefore weigh less. All these hypotheses and 
many more cdn be tested on the daia^iven here, and can 
be found wanting ; there is only one wich appears- to fit 
the case. 

Tliis last hypothesis is rather remarkable, in that ii 
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places the cause of* out-turn variations in the very last 
stage where one would ever think of looking for it — 
The Cause pf open flower At the same 

Out-turn time it has the merit of explaining every 
Fluctuations, peculiarity which ginning out-turn displays. 

If we take the curve showing daily variations ii> the 

average hnt weight per seed, and calculate the weight 

of lint which would be borne each day if the seeds were 

aU of the same weight — e.g., 0-1 gramme, we obtain the 

ginning out-turn expressed in a somewhat differerft form, 

with the seed as the foundation unit. If we now take 
( 

this curve of standardized lint weight, and compare it 
with tjie curve for lint length^ we find that they are closely 
^similar wkon a shift of about a fortnight is made, so 
that conditions of the environment which are affecting 
the length of the lint in, a fifteen-day boll are brought 
in^o line with their simultaneous action on a boll which 
is newly set. 

There is only one way in which this effect can be ac- 
counted for — ^namely, by changing the number of epi- 
dermal cells which sprout into hairs (Fig. H, C\ a). To 
confirm this conclusion by direct observation would 
require the counting oi all tlie hairs on a large number of 
seeds, a task which is humanly impossible by any direct 
method;* an indirect method whiclrthe author attempted 
will b^ mentioned below. 

* While this booj^ was in the printer’s hands an article ,by 
Mr. Leake appeared in the Journal of Genetics (1914), dealing 
with ginifing out-turn in the Indian cottons. By infinite patience 
' — aided® by the snorter and c<^rser nature of the Indian lint — 
he has achieved t^e “ impossible,” and shows that the differences 
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Looking at the significance of a high ginning out-turji 

in this ligh't, its meaning is plain. If the crop of a given 

year has been marked by a high ginning out- 

Sigmficanoe compared with former years 3or 

of Out-turn. ; . . v , 

, the same variety — ^it imphes that a great 

majority of the flowers have opened on days when , the 
weather was favourable; iii other words^that excessively 
hot, dry days, such as put a severe strain on the water- 
content of the plant, have been few in number. Thus 
the correlation wliich has been shown to exist between 
the ginning out-turn of the Egyptian crop and the size 
of the crop in the same yi^ar is easily understdod. More- 
over, if there is a sufficient •proportion of good-weather 
days, and if tlicre is ample water-supply, the length of 
the young bolls and the strength of the old ones will'^lh 
be affected beneficial?y at the same time as the ginning 
out-turn of their youngest relations is being set at a high 
figure. High ginning emt-turn is thus what it is claimed 
to be, an index to good quality in general. 

Further, if a boll has passed through severe weather 
in the flower stage, the immediate effect will be diminished 
sprouting of the lint hairs, with ultimately a low out- 
turn as the consequence ; and in aJfldition to this, and as 
a natural further sequence of it, the cells uf Ibhe boll will 
be more or less self-ppisoned, or senescent, and the later 
stages of development will suffer proportionaftely. , Very 
■ ~ ^ ~ • ' ' 

inn)ut-tiirn between different species and \^rietie8 of them are 
proportional to the numbers of hairs per seed. Since this ex- 
planation has been reached by two entirely ^ssimila!* lines of 
attack, we iflay consider it fairly |i\rell established. 
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bad weather at flowering, producing severe wat^- 
shortage, for example, followed by excellent, weather foi 
the rest of the life of the boll, would result in a low out- 
tv^rn, rather short lint, and yet the lint might ultimatelj 
recover and thicken to normal strength. 

!fhus giniing out-turn is not necessarily connected 
with any other^ characteristic of the lint, except when 
self-poisoning is involved; but in the gamut of a series 
of cotton bolls ripening during a period of more than two 
months, the chances are that generally a high out-turn 
will be accompanied by generally good length, and to a 
rather less ’'extent by good strength. 

An interesting side-issue of this interpretation is that 
ginnihg < out-turn should be more variable than lint 

* Special and variable 

General than strength, if we' take only a uniform 
Behaviour period of weather lasting a few days, while 
9 a Crop, weight should be the least variable of 
all. Actually, the extreme percentage differences between 
groups of bolls ripened under -the same conditions were 
about 2 per cent, in seed weight, 5 per cent, in lint 
length, 8 per cent, in breaking strain, and 16 per cent, in 
ginning out-turn. This is due to the different lengths of 
the period ‘^in which determination of the respective 
characters takes place, seed weighty being affected over a 
Icmg ]^od; and out-turn over a very short one, so that 
an accidental circumstance lasting for a few hours will 
scarcely make an/ impress on the former, but will almost 
entirely (.determine the latter. 

Again, however, considerjiflg the average of the chances 
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of a whole crop, the order of variability, is reversed, short}- 
period aocid 9 nts tending to obliterate themselves; so that 
while ginning out-turn only changes by 1 or 2 per cent, 
from year to year, length may vary more, and strength 
so much as to mark off certain years of the Egyptian 
crop, just like famous or infamous vintages of port and 
champagne. 

Before considering the grader’s report on the samples 
from these dated flowers, it is necessary to deal with a 
Weiglit’of derived mainly from other material 

Single Lint than the series under discussion — ^namely, 
Hairs. weights of single fibres. As m the case 

of breaking strain, alt hough Hhe measurements of tliis 
characteristic are not of direct use to the commercial 
growers or users of cotton as they stand, it is quite pos^ 
sible that some simple indirect or mechanical method of 
obtaining the measurements may be devised, and know- 
ledge of them be turned to utilitarian account. The four 
components which could affect the weight of a lint hair 
are its length, the thickness of its wall, the density of the 
cellulose of which the wall is composed, its diameter, and 
its moisture-content. Length can be eliminated by 
cutting uniform lengths out of- the fhiddle of a fibre, and 
moisture by standardizing the humidity of* the air in 
which the weighings aje made, or by calculation; we do 
not know whether variations in the density df thetwall 
exist, but if such is the ©ase they cquM be detected by 
weighing hairs of equal thickness. In general, however, 
the weight of the hair will depend on it^ diameter and 
the thickneSs of its wall; thu^ the weights of fibres of 
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equal diameter should be proportional to their strength 
as tested by breaking strain. 

The author happened to possess two pure strains of 
dOtton whereof excellent samples were available, grown 
under the most suitable conditions, which 
‘ had both been graded by experts as extra- 
Equivalent oiyiinarily strong. ^Thc diameter of a hun- 
toits (Jred fibres from two such samples (strains 
Strength. showed relatively 

slight differences, but the breaking strain of one was half 
that of the other, and the weight of equal lengths of fibre 
was in the same proportion. Weight determinations were 
made on a few samples frofm the series of Dated Flowers, 
with sihiilar results, but, since it was not possible to 
Construct a full series of data, it will suffice to illustrate 
the main points by standard samples of different cottons. 


1 

j Kind. 

1 FibrcH 

Weight of 

llrcnking 

Diameter. 

' woiglied. 

10 Millimetres 

Strain. 



Milligrammo. 

OnimtucB. 

Millimetre. 

: *77 G. 

86 

0*00176 

6*74 

0*0187 

i 310 G. 

77 

o*o<5io8 

2*81 

0*0174 

i *310 N. 

..1 86 

0*00122 

3*61 

0*0176 

j 77 D.F, . 

.. j 696 

0*00167 

4*50 

— 

Assili G. . 

. .. * 362- j 

0*00142 

4*40 

— 

fibre weight . 

The ratio x . -p.- -- . , where 

t breaking strain 

almost the same in jill cases— thus : 

a; is a constant, is 

• 77 G. 

. . 3*26 

77 D.F. 


2*87'^ 

310 G. 

.. . . 2-60 
*Assili . . 

• 

310 N. 

3*10 „■* 

2*96 
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Consequently, the breaking strain of* a fibre is very 
largely determined, if not entirely, by its weight, or, in 
other words, by, the thickness of its cell wall. This 
holds good between very different types of Egyptian** 
cotton, and is independent of the lint length or of the 
site in which the cotton^is grown. The sample marketl 
310 N. was grown at Neguileh, in the Northern Delta, over 
a hundred miles away from Giza, where the others were 
grown. The two samples marked with a star (77 G. and 
310 N.) w^re respectively of Nubari and Sea Island type, 
and were both graded as extremely strong, or SSSS® on the 
grader’s scale, but 310 N. was much “ finer ” than 77 G. 

This last result carries us on to the gradings of the 
dated flowers, but before leaving the subject of weight 
Number of single li^it hairs it may be interesting to 
Hairs per note that the mean, lint length of 310 N., 
Seed. taken hair by hair, is just over 41 milli- 
metres, and that the \\«‘ight of lint on a single seed is 
about 0 033 gramme ; since 10 millimetres of a single lint 
hair in its thi(;kest part weighs 0 001 22 milligramme, one 
hair will weigh about 0 00400 milligramme, and there must 
(•consequently be about 8,0,00 hairs on a single seed, whose 
aggregate lengtli at 41 millimetres per hair must be 
328,000 millimetres, or 328 metres. 

The hairs from five seeds only of 310 N. would there- 
fore extend for a mile if placed end to end. 

It is rather irtteresting fo notice ako*that the sample 
77 (5. also works out at about 8,000 hairs per seed; for 
though each hair weighs more, the lint weight pdb seed 
happens to be greater. 
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We now turn, to the results of handing the ginned lint 
from the dated flowers to an expert grader, in order to 
assess their “strength.”, The manner in 
which this was done has been described 

Hair Strength. 

in the Appendix, and it may be taken for 
granted that the grader had no guide whatever as to 
the relation between the various samples, nor any oppor- 
tunity of revising his judgments. His results can also 
be arranged in a curve, and smoothed to five-day means, 
and compared directly with the other curves. ' 

When treated in this way it at once becomes apparent ^ 
that grader's ^"‘strength" and "‘^breaking strain" are 
utterly disconnected y and "have nothing whatever to do 
with one another. This is a practical result of the first 
importance. , 

The most striking example of this is at the end of the 
^curve (Fig. 21), where the breaking strain is falling rapidly 
to zero, but the grading remains up at SS on the scale. 
Comparing this with the notes given in the previous 
section as to the behaviour of 77 G. and 310 N., it becomes 
possible to see what Strength, as determined by hand- 
pulling, really means. The grader takes a tuft of lint to 
test, keeping to a uniform size of tuft ; if the hairs are but 
slightly thickened, and consequently of low breaking 
strain, he takes more of them; while if they are heavily 
thifkeneJ, coarse, and of considerable strength individu- 
ally in consequ^oe, he includes fewer t6 obtain a tuft of 
the same size. 

It fs pointed out in the Appendix on p. 191 that “im- 
pact testing ” of a bunch of fibres gives a result which is , 
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proportioiial to the number of fibres tested, • and the 
testing which^the grader applies is nearer to “impact ’* 
than to “straining.’* Consequently, what the grader 
does is to test the resistance to impact of equal weight s« 
of lint eagh time. 

But this being the case, he might be expocfted alwa}^ 

to obtain fhe sime result, and if all the 

fibres in a sample were alike he would do so. 
and Strength. ^ 

All the fibres are not alike, however, and so 

the determination of strength by the grader resolves 

itself very largely into a test for regularity of strength. 

We can corroborate this deduction by conipfft'ing the 
breaking strain variability from fibre to fibre in large 
samples with the grader’s judgment upon them. <rhere 
may be a high proportion of strong fibres present, but if 
they are mixed with weak ones the sample is graded as 
“ weak.” This comes down finally to whether the tuft 
of fibres breaks under the grader’s hands with a “ snap ” 
— i.e., all simultaneously — or raggedly. 

Having discussed the evidence obtained mainly from 
the abnormal conditions of a wide-sown, water-shortened, 
experimental plot, we will now consider the results ob- 
tained in actual field crop, since it might well b6 the case 
that the variations we induced experimentally were far 
greater than would ever arise in normal culti\atton, 




Similar to Fig. 14, p. 90, but showing the properties of the lint from bolls picked every 
seventy-five days off a group of plants in field crop 
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Daily Pickings of 1913 (Fig. 15). 

The series of data accumulated under tfds title were 
4©rived from an “observation row of a,bout 130 plants 
growing under field crop conditions at Giza, on rich deep 
soil, severely attacked by both ordinary boll-worm and 
pink boll-worm^, but other\rise t/pical of excellent culti- 
vation, and setting a crop of bolls which in the absence 
of this exceptionally bad attack of boll-worm would have 
weighed out at 700 pounds of lint to the acre. ^ 

The part of the field containing this group was carefully 
watched every day of the season, and the general health 
of the plants was kept as omif orm as it could be, under 
the limitations of field cultivation. Any fluctuation 
‘ o^hown in the cotton ripened in this experiment will, 
therefore, be less, if an 3 rthing, fiian an ordinary field 
would show when cultivated with the same pure strain. 

^ The strain employed was the same as in the previous 
series, and comparison between the two results brings 
out some points of interest; especially with regard to the 
' senescence or self-poisoning induced in the previous 
experiment by withholding water early in the season. 

The data thus obtained are directly “practical.’' 
The successive days are dated by the opening of the boll, 
or picking, and not by marking the flowers, while the 
strei^h was determined by “ impact testing ” of bunches 
of lint, and not by breaking single fibres. ^ 

Although the gferies embraces ninety consecutive days, 
the maasurement of length on 500 seeds, and the count- 
ing of' about 4,000 fibres one by one, the results can be 
summarized in’a very few lines : — 
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The strength and length of each sample ' are again 
utterly discopiected. If the curve showing the length 
is moved backwards over 23 days it fits exactly to the 
curve of strength* (Fig. 16). 


In the water-short plot of 1912, the best •fit was ob- 
tained with a 21 -day shift, *as against 23 days in tins 
experiment, indicating that the senescent 

Mat^rity^ condition of the 1912 plot shortened the 
• maturation period by checking growth. It 
is common knowledge that water shortage “ripens off 
the crop ” ; we can now see the price which is p^dfor it ; 
namely, weakening and shortening of the lint, and reduc- 
tion in actual yield. The crop which is thus being huslled 
into maturity will look better than one which is beings 
allowed to take three or four days longer over its duties, 
because the withering and falling of the leaves exposes 
the open bolls to view, but a count of the actual numbers 
will show that there are not so many. 

Comparing the lint length in this new series with that 
in the old one, we find that, whereas the j)lot which had 
been starved of its due water allowance 

Length of exceeded 31* millimetres on the 

Lint. 

five-day means, this properiy-bultivated 
field-crop series only (Jrops below 33 millimetres five 
times before October 22, and does not touch •even^the 
maximum of 1912 till it# has finished •cropping. The 
ma»mum reached in this series was \ 4 : 4 : millimetres 
instead of 3M (c/. Figs. 14 and 15). 

The next pbint of interest in Regard to lint length ih the* 
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fiuctuatiori it shQws, even under conditions which were 
almost ideal for a field crop. Obvious senescence ap- 
pears to have been excluded entirely, but 
^^Length^^ in spite of this the length swings steadily 
over a range of 1*4 millimetres, on the 
fi\e day means, which in actual daily data of the same 
precision would be nearly '2-5 millimetres, or jV ii^ch. 
The length of the lint as shown in these experiments is 
determined by combing on the seed; if expressed as 
the length of a “pulled tuft,” in the usual way, this 
fluctuation would he stated as a change from about 1^ to 
1| inches*^ which, though not great, is still appreciable in 
the manufacture of combed yarns. 

Lastly, it will be seen that after the lint length curve 
has been shifted 23 days to fit tlio strength curve, each 
irrigation shows an effect upon it. On the 

Effect of Qj. fourth day after watering the two 

c Irrigation. . . 

superposed curves begin to rise, continue to 

rise until about the tenth day after watering, and then 

die away again, to be revived by the next irrigation. 

Adding on tlie 23 days of the shift, this means that 
the length shows the first signs of having been affected 
by watering in tho*se bolls which open 27 or 28 days 
afterwards, and that the maximum effect of watering 
upon the length is shown in those bolls which open about 
32 daj^s afterwards. 

To obtain th6 ^ge of the boll at wliich the effects of 
watering are pvoduced, we must subtract these intervals 
from^he maturation period; this period was determined 
for this series by an indirect method as being 48 days. 
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Therefore the maximum effect on lint length is obtained 
when the bojil is 15 or 16 days (48-32= 16) old at the 
time of watering, while if the boll is more than 21 days 
old (48- 27= 21) it is unaffected. 

This I'esult is different in degree from that which we 
obtained in the previous series after the long waller 
starvation, and it indicates tliat in this c^se we are deal- 
ing with a simple and straightforward limiting factor 
effect, instead of the complicated poisoning effect. In 
this case 'the effect of watering is simply to allow the 
lint hairs to grow more during the last few days than 
they would otherwise have done. The general*principle, 
that the maximum effect is pfoduced round about the 
fifteenth day of boll development, is the same as before^ 
Turning now to the strength curve, wo may first note 
that it is immaterial for generaj purposes wliether the 
strength is determined by breaking single 
Strength of whether bunches are tested by 

impact. The impact figures obtained in 
this series cannot be converted directly into breaking 
strains for direct comparison with the previous series, 
but some determinatiojis of the breaking strain made 
tediously by hand — ^in the absence of the author’s auto- 
matic tester (PL XVI.) — indicate that the maximum 
strength attained in this series was rather higher than 
the maximum attained in the former series, just as m the 
case of lint length. Moreover, wherep.s the former maxi- 
mum was rather spasmodic, the strengkb in tliis series 
under good field conditions is maintained steadily for 
several days*at a time. 
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If we next consider the extent of the change which the 
strength undergoes between the effects of ^ne watering 

Greater Very 

‘fluctuation much greater than in the case of the length, 
in Strength. The change which we found between 32* 7 and 
34‘4millim4re8in the five-daymeans of lint Length stands 
in the ratio of : 100. In the case of lint Strength the 
extreme values recorded stand as 65 : 100. This greater 
capability for fluctuating is not due to accidents of 
method, for the fact that our impact test determinations 
are less precise than those of length should help to ob- 
literate such distinctions. We may safely assert that in 
this series the strength of the lint rose from 60 to 100 in 
a single* week (August 22 to 29). 

This phenomenon introduces ^ proposition of very 
practical interest to the spinners of fine cotton. Would 
it not be worth while to encourage the 
practice of picking at shorter intervals ? 
If we regard these curves as an analysis of 
the three “ pickings ” in which the cotton crop is usually 
harvested, it becomes clear that' the composition of the 
lint at any one picking cannot be uniform, except by 
accident against long odds. In conventional practice 
the bolls which we have studied here would have been 
gathered in three groups or pickings, on or about Sep-' 
tember l(f, September 30, and October 20. By reference 
to the curves it ViU be seen that pickings taken on any 
of these three dfttes would have been irregular in lerijjth 
and iif strength, since they would consist of aU the boUa 
ripened before that date. 4. In general experience the first; 
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picking is the best, and the third the worst. The differ- 
ences are partly due to increased frequency of insect 
attack, and partly to the fact that the third picking, if 
delayed too long, wiU include senescent lint, especially 
if cultiration has aimed at hastening maturity by depri- 
vation^ of water, or if the water-table has risen in ifhe 
meanwhile. 

As in the case of other common experiences which we 
have discussed, this difference between the pickings hj 

Tx * 1 . ^ niatter of accident — excluding boll- worm 

Quality of j i. 0 j- 

Pickings: direct and necessary causa- 

tion. The temperature in Egypt during all 
the period from July to mid-October is rarely a limiting 
factor directly, so that it is not tUl late October that the 
cultivation of cotton iii*middle Egypt becomes dependent ’ 
on the temperature j if the cultiyator will abstain from 
trying to save a day or two in maturity by cramping thp 
water-supply (and it sliould be noticed that the Fellah 
himself never does so unless he is obliged), and is lucky 
with the boll-worm attack, there is no reason why he 
might not obtain cotton of the same value in his third 
picking as in his first picking, excepting that the autumn 
fogs may cause the lint to mildew if left too long on the 
plant after the boll opens. The whole thing is a question 
of accidents; there are more chances of unfavourable 
accidents late in the season than in the beginning of> the 
season, but rnoso of tliem Can be avoided. The worst of 
all these accidents in Egypt is the rise of Tfche water-table, 
which takes place in permeable soils when the flood comes 
down. 
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In the year 1913 the Nile flood was later than it had 
been for over a century, and lower also. There is there- 
Water-Table little effect visible in these curves, 

and Lint as compared with whafc a normal year would 

Quality, shown, excepting a beneficial gne due 

toVjapillary damping of the supernatant soil on and after 
September 15 (#!tar in Fig. *16), when the effect of the 
previous watering was dying away; since the water-table 
in this particular plot of the Daily Pickings did not rise 
nearer to the surface than 1-30 metres, no very striking 
effect could bo expected so late in the year. The 1912 
results from daily flowers were also unsuitable for 
demonstration of the watel*-table effect, since wide-sown 
cotton does not suffer nearly so much from this cause 
%s do the closely crowded plants onfield crop. Neverthe- 
less we can draw our oyn deductions from existing evi- 
dence about the effects of the water-table on other growth- 
processes in a field crop of cotton, and from what we have 
already learned about the development of the lint, with 
the following conclusions : 

When the water-table rises so &s to immerse the lower 
half of the root system of a field crop of cotton in Egypt, 
the effects will show up in the following order: BoUs 
opening ten days later will have weak but long lint, those 
opening five weeks later will have lint both weak and 
short, witli a high ginning out-turn, and those opening 
seven weeks latef will be worthless in all respects. 

Betuming nqw to our original statements as to *the 
possibility of ♦growing equally good lint at any time 
during the season until tjie falling autumn ^temperature 
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becomes a limiting factor, and barring accidents such as 
boll-worms and water-tables, let us see where the longest 
Differences strongest lint was produced in this 
between Daily Picking Series. The lengths of the 
Pickings, earliest bolls have not been determined, but 
their weakness putd most of them out of the running; 
those of September 3 were good in botjii respects, but 
only slightly superior to those of September 26, and on 
October 9 we have another period which is much the 
same. A*i important conclusion follows from this search 
for good samples: it should have been possible so to 
adjust the irrigation intervals that the length anti strength 
of the samples, although determined at 23-day intervals, 
should move together. The obvious way of doing this is 
to keep the intervals Jbetween irrigations constantly re- 
lated to 23 days for this strain^ and to 20-26 days for 
other strains and sites. 

It may not be entirely coincidence or convenience, as 
is commonly assumed, that the rotation of water in the 
Egyptian canals is commonly arranged 

Canal nearly at this interval ; the usual explana- 
Ilotations. 

tion is that* the cotton cannot stand longer 
intervals without water, but this is not strictly correct. 
Personally the author considers that lighter waterings at 
11 and 12 day interval ^ alternately would be better still, 
and would of course produce the same result. 

Leaving this point, and assuming^ that the irrigation 
intervals had been so adjusted as to change length and 
strength simultaneously, this would not abolish fhe net 
change of Both. Thus the ccjmmercial pickings would 
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still be composed, of s&mples showing vsiious properties. 
If, on the other hand, the intervals between the pickings 
were shortened, and the pickings kept sepa- 
of Pickings. * ’ greater umformity could be 

^ attained — ^it might even be permissible to 
mix certain pickings together; thus, in the series here 
discussed, a mpch more leW sample is produced by 
mixing September 1, 2, 3, 25, 26, 27, and October 9, 
than by picking all the boUs which ripened between 
August 22 and 29. Such mixing would not bo permis- 
sible for the unskilled cultivator, but there are some clues 
ui)on which he might guide his conduct. 

For example, if strain N6. 77 were being cultivated at 
Giza, and if short-period picking were practicable, and 
if the irrigation intervals had bfcn adjusted to bring 
strength and length flpctuations into step, then the 
!;rower would keep all the bolls which opened between 
;he sixth and twelfth days after each watering separately, 
and either mixing them or keeping them separate, accord- 
ing to opinion obtained, would dispose of them as the 
highest grade of his product. 

Discussion of this matter brings us to the ultimate 
analysis of “ regularity.” If pure strains are cultivated, 
and if pickings are so taken as to include 

in Co^nf cotton is all 

, •, alike from day to day, there remain only 

two more ways in which the sample can be made irregular. 
These two are, ^tly, individual fluctuation from boll'to 
boll and from plant to plant, and, secondly, variation in 
lint properties of various p^rts of each seed involved- . 
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The first cannot be eliminated in field crop conditions. 
If the plants were separated by intervals so wide that 

Plant-to- could occupy, if 

Plant such spacing did not bring in secondary 
Fluctuation, difficulties, and if the soil were absolutely 
uniform to a depth of 3 metres, then there would* be 
no fluctuation from plant to plant, but J}liere might still 
be differences from boll to boll. Conversely, there is a 
strenuous struggle for existence between plants crowded 
in field crop. This struggle is subterranean and invisible, 
but none the less bitter. Under Egyptian conditions, 
the success of any individual over its neighbours is partly 
rectified above-ground, sincls its consequently greater 
growth brings shade to them and lessens the strain on 
their root systems ; bu1®if a pure-strain population is closely' 
crowded in a shallow soil, it will b,e found by the end of the 
season that a few plants have alone survived to mature 
their seed, the remainder being wizened sticks. 

The last component of “regularity ” is the distribution 

over the seed. This oan be partly controlled by the use 

of suitable strains, since the character of 

Hair-to-Hair distribution is inherited, and strains can 
Fluctuation. , . , , . , , , , 

consequently be isolated m which — when 

properly grown — the mean length and strength of the 

lint varies but little from the tip to the butt of the seed. 

Itj periods of unsuitable nurture, however, even»these 

strains will make poor lint at the tip,of*the seed, farthest 

aWay from the food-distributing centre, ij^rhich is situated 

where the incoming vascular bundles ranfHy in tfle butt* 

end of the* seed-coat. AU thp changes we described in 
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the previous chapter, such as the development of the 
palisades in the seed-coat, and the lengthening and 
thickening of the lint, appear to he begun simultaneously 
alt over the seed, but completed first at its butt or thick 
c end. Therefore, if the development of any feature is 
cheeked a little .too soon, irregularity will follow. 

A natural consequence of this is ihat periods of change 
are also periods of irregularity. This applies not only to 
distribution on the seed, but also to the mean 

Uniformity 

and Changes maximum length from seed to seed and boll 

of Environ- to boll, as may be seen by examining the 
ment. < figures in the Daily Picking Series. When 
the conditions of the environment are kept constant for 
any length of time, the lint ultimately ripening from day 
•to day may be good or it may be b jd, but it 'will at least 
be uniformly one tiling or the other, and as such it will 
be saleable for a definite purpose. On the other hand, 
when the conditions are changing from one day to another 
as when soil is drying up— the slight ‘variations in the 
length of the maturation period from boll to boll will in 
themselves be sufficient to mix better bolls with worse 
ones. 

Variation from seed to seed within the boll has been 
extensively ‘discussed by other writers, but its case is 
covered by the preceding account. 

Summarizing the Jesuits of ihis chapter, we have a 
result of fundanjpntal importance in the confirmati(5n 
which these Daied Series give to the deduction drawn 
from developmental evideijce, that the same ‘conditions 
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of the environment affect the length and strength in the 
same way, but in bolls of different ages. The interval, 
in the case of a certain pure strain in a cor- 
Summary. season, was twenty-three day§. 

Absolute regularity of lint is unattainable, even with a 
pure strain, but apparently much might be •done to yn* 
prove in this direction by shortening the picking interval 
with discretion. Whether the cost of so doing would 
exceed the cost of producing the same result by Combing 
remains to be seen. 



CHAPTER V 

I * 

THE DEVELOPMENT OP COMMERCIAL LINT 

In the previous chapter we have seen how some of the 
more obvious properties of the seed-cotton and lint are at- 
tained, and we have found that the story is an extremely 
simple on5. If we avoid technical details, the whole 
matter resolves itself into this: that each characteristic 
depends' on the reaction which takes place between the 
•constitution of the plant and the, circumstances of the 
environment, at the time, when the characteristic is being 
built up by growth. 

^he minor circumstances which have tended to obscure 
this main issue are somewhat as follows* : 

(а) The climatic circumstances under which cotton 
grows are not favourable to the sustained and detailed 
research required. 

(б) The ago of the boll caimot be dated entirely by its 
external appearance. 

(c) The results of self-poisoning or senescence have 
not b^n separated from the simpler direct effects of the 
environment. 

(d) Until the exception of Limiting Factors was intrS- 
duced by Mr. Mackman, the analysis of environmental 
effects was impossible. 
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(e) Tfiitil pure strains of cotton were available, the 
differences feoca plant to plant were sufficient to obscure 
the differences from day to day. 

Having analysed the problem of development down V3 
its 8in\pler constituents, it remains to build back into 
complexity. Interesting though our analysis may be, in 
itself it shows that th^ coiAmercial crojs are not likely 
to approximate to any sort of ideality for many years to 
come. We must therefore attempt to sketch the relation 
of these facts to the cops and hanks of yarn which the 
mills produce. 

This task is one which any author might Well forego 
with pleasure. If his acquaintance is with the grower’s 
side of the matter — as in the present chse — 

bpiiming and cannot have more than an inkling of the 

Growing. • 

work and problems of the mill ; while if his 
knowledge is sound on the spinning side, he is not likely 
to have spent sufficient time in the cotton-fields to Be 
familiar with the* limitations * which debar him from 
obtaining the ideal cotton . 

There can be no doubt that the wisest course for the 
present author would bn to leave the raw cotton in the 
open boll, but to do so would defeat one of the motives 
which have led to the writing of this book— namely, a 
desire to establish a common language between grower 
and consumer. A great deal has been done in thij way 
of late years, efvpecially afi regards E^pt and Lancashire, 
and some of the most outstanding miB(mnceptions have 
been abolished ; but all that which has Eteen done is not 
a tithe of what remains to do. When the Spinner cah 
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prescribe fhe cotton he desires in such a way that the 
Grower can read the prescription, and can in his turn set 
to work to sow the seed and grow the plants in such a 
way as to obtain it, the cotton trade will be homo- 
geneous, and capable of a high degree of efficiency. That 
the trade 0/ spinning alone is enornious, specialized, and 
intricate, compijjsing many separate trades within itself, 
will be admitted by everyone. It is probably not quite so 
intricate an organization as a cotton-plant, and its com- 
ponents have the advantage of articulate speech and of 
historical origin. So long as the Grower of cotton was 
content merely to do certain things because past experi- 
ence had shown that they 'were, on the average, the best 
things to do, he could not expect much sympathy when 
• he complained that the language the Spinner was not 
comprehensible to hin>. At the present time, even 
though there is no millennium in sight, and although all 
the knowledge we are acquiring may not pay anyone to 
apply, there is a definite tendency towards this establish- 
ment of communications between the two ends of the 
cotton trade. The forces of curiosity are getting out of 
hand. Each end is beginning to wish to know more about 
the other end’s business, and to realize that the Cotton 
Trade is not confined within the walls of the mills. 

Now, when such intercommunication begins on the 
feature, let us say, of “ strength,” the common languj^ge 
is at'oqce conspicuous by its absence. Well-. 

S^ngth. authors write at length oh fhe 

strength of sinj^le fibres t^ted by straining and by blows 
from a falling weight, graders take samples of lint and 
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state their opinions as to strength with uncanny accuracy, 
and the spinner expresses most varied opinions as to the 
strength of the yarn he produces from that lint, accord- 
ing to the clasi of yarn he is making. The questi<jn 
naturally arises as to what “strength” Is, and each 
person concerned gives an entirely diffefont ans\yer, 
wliich is quite correct m evfry case. 

It should not be beyond human ability at least to 
construct a series of analyses in the precise form which 
science exacts, so that, even if the gap between grower and 
spinner cannot be bridged at one jump and by one man, 
a bridge might at least be built. It is with tine intention 
of starting one abutment from the grower’s side that this 
essentially impossible chapter is included in those pages, 
and the author hopes that criticism by the spinner may • 
be tempered accordingly. 

It will save endless reservations if we first deal with 
the lumber brought in by varietal impurity, and clear it 

T - r out of our wav. There are no pure cottons 

Impurity of * 

Commercial in coniin#>rciai cultivation at the present day. 

Varieties. This statement is necessarily based on nega- 
tion, but the standard varieties tested by the author for 
their composition are some fifty in numbdt, including 
Sea Island, Upland, apd Indian, as well as every known 
or unfamiliar Egyptian variety, and several semi-wild 
cottons. From any" of these a numbet of strains can be 
isolated and bred true, or pure forms can be “ split out 
of individual hybrid plants. 

It is possible^hough very improbable, that a variety 
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might consist of a do2cn different strains, «md yet all the 
plants might produce exactly the same Jii\t. Perfectly 
Independence differences in petal colour and such* 

Inherited like can be quite independent pf lint prop- 
Characters, erties. Similarly, so far as our knpwledge 
gops, white and brown Hnts may be otherwise identical, 
or two entirely different linjs be borne on plant bodies 
which are externally indistinguishable. There is no limit 
yet known to the shuffling of characters which may take 
place in this way through deliberate or natural inter- 
crossing within the main groups of the genus. 

The obvious characters make only half the story, how- 
ever. We are beginning tp reahze, and in some ways to 
" . understand, how two kinds of cotton may 
Growth entirely different reactions to their 

environment, so that such a complication 
as the foUowing example presents is well within proba- 
bility : Two strains of cotton are growing a hundred miles 
apart, one on the sea -coast, the other kx the interior, and 
appear to be exactly the same. When grown side by side 
in either site, the imported one is conspicuously unhappy, 
and plots of it can be recognized at the other side 
of the field. These differentiating characters which are 
not obvious include such reactions as tolerance of salt, 
liability to shedding, stage at which senescence sets in, 
and velocity of growth at given temperatures. In 
"separate species erf the genus these features may be most 
clearly seen, but in a less obvious degree they may he 
&and in the stj^ins isolated from the same variety. Oile 
of the most interesting sights of cotton-growing in the 
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author’s experience was the anniial growth-race ()e1tfWeeh / 
strains of cottons derived respectively from Willet’s Red- 
leaf, King, Asia Minor, and the average Egyptian plants ; 
first one and then another of- the competitors would lead 
on the oame dates each year, according to their specific 
peculiarities. 

If the differences between the conjponents which 
go to make up a commercial variety were confined 
to mere structure and colour, there would 

Sdectioii material for natural selection 

to lay hands upon; but since there are also 
these physiological differences, it follows that sfime kinds 
of plants flourish best in one locality, and produce more 
seed, with the result that the sowing of the next season 
contains more of thes^ plants, and the general properties 
of the variety alter accordingly. J'he name given to this 
alteration varies : if the change does not spoil the lint, it is 
called “acclimatization”; if the lint of these flourishing 
plants is inferior, the change is called “ deterioration.” 

Now, a commercial variety of cotton growing in any 
one site and year is made up of many different strains of 
Uniformity hybrids between them. Some 

and Cultiva- of these plants are well suited to their en- 
tion. vironment, others are not. If cultivation 
is very good, or, in other words, if as little tax as possible 
is put upon the self-regulating functions of the plant, 
even those plaiits which are comparj^tively unsuited to 
the' environment wiU grow fairly well, and will make as 
good lint as they can; the crop resulting^ will therefore 
be as uniform as it can. If, on the other hand, cultiva- 
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tion is poor, orJy those plants which happen to be 
thoroughly well suited to the environment will produce 
tolerable lint, and the presence of this lint in the sample 
^Adll increase the irregularity of the sample. 

Thus, if a commercial variety is well cultivated, it 
tends to greater regularity; and if badly cultivated, to 
greater irregularity. SincA the^ brightness, cleanliness, 
Justre, etc., of the hnt are all indices of good cultivation, 
they also go hand in hand with an approach to regularity. 

On the other hand, no amount of good cultivation can 
make a short-staple plant into a long-staple one, so far 
Theliimita- present knowledge of growth— and 

tions of Good especially of .lenescencc — can avail us. Con- 
Cultivation. sequently, any approach to real uniformity 
is impossible with impure varieties. It may possibly be 
thought that undue insistence is here being laid on vari- 
etal impurity; that the persons who introduce new 
cottons are not likely to introduce them in an obviously 
mixed condition ; and that in speakifig of such impurity 
the author is applying some hyper-critical botanical test. 
There is a very simple way of presenting data for varietal 
composition in respect of two commercial characters 
simultaneously, based on the statisticians’ Correlation ’ 
Diagrams, which we may term Target Diagrams, since 
the scatter of dots over the diagram is used in the same 
way as {he shot-pattern of a shot-gun. We have seen 
that all these measurable chacacters, such as lint length 
and ginning out-tum, fluctuate to a definite degree round 
a meUn value, within a pine strain. If, therefore, we 
grow a family of pure-strain plants, under uniform treat- 
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ment, and determine the out-turn and length for each 
plant in a certa-in period of the season, we can draw curves 
showing the distribution of the variations in each respect 
through the family. If we now place these curves oA 
two adjacent sides of a square, we can make a target 
diagrajiin in the following way : Find the position 6f 
plant No. 1 in the length curve, and dra^ a hne into the 
square at right angles to the side along which the length 
curve is plotted . Then repeat the process with the out- 
turn curv5B. At the point of intersection of these two 
lines make a conspicuous dot. Repeat the process for 
each plant, when it will be found that the gro4p of dots 
thus made will give a picture of the amount of “ scatter 
in both characters at once, instead of only showing one 
at a time as the curves did (Fig. 16, p. 134). 

If we are handling a pure strain in this way, the scatter 
in either character will be definite and regular, and the 
dots will form (w'ith suitable plotting) a circular group, 
the centre of win h is densely dotted, while the dots 
become fewer and fev er towards the margin of the group 
(Fig. 16, Targets 6-7, 10). The centre of the group hes 
at the mean for each character. 

If we now mix two strains together, v hich are dis- 
tinguished in their average out-turns and lengths, the dots 
will form two groups. •If the two strains are very widely 
different, the groups will be quite separate. If they are 
only slightly different, the fact will gtiH be recognizable 
when the diagram is viewed from a distance, for instead 
of blurring into a circular arrangement, with the darkest 
spot in the centre, the blurrec^ diagram will be more or 
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less oval, and instead of having one darkest spot in the 
centre, it will show two spots* 

> Again, if we take a pure strain which is suspected to 
^lave been contaminated by crossing, and make the 
diagram for all the plants, we shall probably be able to 
detect the hybrid rogues, since ;t is probable that their 
out-turn and length will be unlike that of the pure strain, 
and consequently the dots representing them will be 
likely to lie well outside the group. If we have four 
such measurable characters we can plot six sucK diagrams, 
and be practically certain of finding the rogue in one or 
more of tne six. 

With this description we** may further examine the target 
diagrams (Fig. 16) which show the composition of the 
Impurity of P^iiicipal commercial varieties of Egyptian 
Egyptian cotton, not in respect of any abstruse 
Varieties, botanical features, but in the directly com- 
mercial characteristics of lint length and ginning out- 
turn. Side by side with them are plotted (Targets 5, 6, 
7, 10) the target diagrams for pure strains, to compare 
the amount of scatter which need exist with that which 
actually does exist. The objection may be raised that 
the various plots might have received different treat- 
ment, hence accounting for the different degrees of scatter, 
but this is not the case; when the plants are grown for 
such comparison, they are all mingled together on the 
same piece of larfd, plant by plfi&it, so that all share equally 
in ^ny variati^ of soil or of cultivation. 

One* or two points in these diagrams, though of par- 
ticular interest to Egyptiap cotton-growers, have also some 
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general significance. It will be noticed that Ashmouni 
{Target 9), tl\e Upper Egypt variety, has a fairly com- 
pact diagram; this is mainly due to the fact that it has 
been comparatively isolated in Upper Egypt, and ha^ 
not been offered the same opportunities for admixture 
as the Delta varieties ; at the same time it is by w 
means pure, and in othor respects — such as lint colour — 
shows itself to be quite heterogeneous. The Delta variety 
of Egyptian which has deteriorated least, according to the 
spinners, [a Yannovitch (Target 11), and the compact- 
ness of its diagram confirms this. On the other hand, 
Afifi (Target 12) has deteriorated very badly (iiccording 
to the same authorities), and its target diagram shows a 
very wild scatter. Only one other variety is as wild, 
namely, Assili (Target ^8), wliich was only introduced in 
1910, showing that it was not so pure as it was at first 
claimed to be. In the case of this variety we can trace 
the deterioration by target diagrams for the best com- 
mercial seed of successive years (Targets 4 and 8), and 
can watch the gradual obliteration of the “ type group ” 
of dots by mixture and crossing with the outlying rogue 
dots. Sakellaridis is another new variety, also not as 
pure as it ought to be. 

These diagrams have been included fo show*that vari- 
Relative impurity is a real difficulty, and not 

Importance merely the theoretical matter which it nyght 
of Seed and appear to be. .If a variety of cotton consists 
• ’ of plants which, when growing side by side, 

produce lints differing in length by as miJbh as hsfif an 
inch, it is waste of time to advise short-period pickings 
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for the sake of reducing that irregularity which'is due to 
environment, and which does not amount to more than a 
quarter of an inch (see Chapter IV.). 

As in the case of other peculiarities of the crop which 
we have discussed, the lint properties are tjierefore 
f. average properties, the deviations from the 
Impu^ average beingi widest in bad cultivation, 
ancl least when cultivation is good. To 
conclude with an instance which is perhaps more striking, 
and certainly simpler, than these target diagrams. The 
colour of a sample of ginned cotton is an average colour. 
Thus the ^modern Ashmouni cotton has deteriorated in 
colour, losing the full, rich golden-brown which formerly 
characterized it, and becoming much paler. If we take 
a prize sample of modem Ashmouni, and raise thirty or 
forty plants from it, we shall find a few plants whose lint 
is nearly white, many' creams and light browns, and 
perhaps about one quarter of the plants will be found to 
bear rich brown lint, wliich, when placed side by side with' 
a sample of twenty years ago, matches exactly. The 
colour of a prize sample of Ashmoxmi is thus produced 
by placing together hairs of these various colours, the 
lighter hairs diluting the colour of the darker ones. The 
old colour «can immediately be restored by propagating 
some of the plants which bear the rich brown lint. 

The phqtographs we have given (PI. IX.) show very im- 
perfectly the differences from^ plant to plant within* a 
variety. Cotton is a difficult photographic subject, 
except jrhen single plants are taken with a background, 
and in that case much of the impression is lost, as com- 
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pared 'with the view of a series of plots. The examples 
given (Abbc^si) are interesting; in the first place, th^ 
target diagram of Abbassi (Fig. 16, Target 1 j 
made, and then nine plants were chosjn 
from the type portion of the target group ; all 
were graded and pronounced to be of Abbassi type, besides 
having the Abbassi colour The seed from these nine 
plants was sown in nine adjacent plots, *and in seven out 
of the nine the strains were pure as far as branching 
and leaf “form characters were concerned. None of these 
seven kinds in the least resembled one another, and all 
were more dissimilar than the plot of Abbas^ had been 
from other Egyptian varieties in the previous year. From 
those plots with peculiarities which showed up wall in 
the camera, photographs were made of average plants; 
and, striking though these differences appear in the 
photographs, they decidedly minimize, rather than 
exaggerate, the differences actually shown. 

The commercial sample of lint thus consists of different 
kinds of lint mixed together, these different kinds having 
Origin of the bom^ on different types of pjant, with 
Commercial different methods of reaction to their en- 
Produot. vironment. Over and ubove all this are 
superposed the effects of the environment from day to 
day, causing variations in the length and breaking strain 
of the fibre in successive ^boUs, as we have shown, while 
incidentally there are differences belVeen the individual 
experiences of particular plants of the same kind, ’and 
differences from one site to another. It follows from 
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tills complexity that, while an amateur can grade* the lint 
from small plots of a pure strain fairly successfully,^ it 
takes an expert to grade commercial lint. 

\ Our next step is to attempt to connect •these properties 

Properties shown by our methodi?, with 

' of the ' those recognized by the grader, with those 

Commercial ascertained fin«illy bV the spinner, and to 

Product. „ \ f 1 • *11 

see how far our analysis will carry us. 

Leaving the major characters of length and strength 
for the moment, there are minor characters, such as 
colour, cleanliness, elasticity, and lustre. Elasticity is 
probably ijivolved in uniformity; all cotton fibres are 
elastic to a high degree, and the resulting “feel ” of the 
cottoh in this respect is probably a combination of effects 
resulting from uniformity, fineness, ^and twist. 

Colour is, in the first instance, based on the inherited 
peculiarities of the variety, modified by subsequent 
events; if the seed-cotton remains too long 

ModScatiLs. exposed to dew or strong 

sun, the colour fades; there also appear to 
be different inherited degrees of “ fastness ” of the colour, 
some strains bleaching more easily than others under 
similar conditions of exposure; consequently, while it is 
often contended that cultivation in a new country changes 
the colour, and while such change js quite probable, since 
colouf fluctuates like any other character, many such 
examples can ba analyzed to r fading-phenomena when 
they are shown in the first year, or to natural selection 
in a mi^cturo (such as Ashmouni mentioi^ed above) when 
Shown in subsequent years. Cleanliness hardly needs 
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mention from our point of view, being the result of acci- 
dental episodes which happen after the boll has opened, 
or of insect attacks on the boll. 

Lustre is somewhat peculiar, It would seem to hajre 
been insufficiently analyzed by investigators, and in the 
^ first place it is probably almost synonymous 
with twisc; if all the hairs in a sample are 
well and evenly twisted, there will be an infinite number 
of convex surfaces, each reflecting a spot of fight. In 
addition* to this there is refraction of fight, which may be 
seen by holding a well-twisted fibre against a dull back- 
ground with a good north fight well overhea^ The fibre 
then shows slight diffraction eolourings ; this undoubtedly 
has considerable influence on the appearance of the 
sample, through th^ reflection of fight ])ack from the 
concave surfaces inside the fibre; it would necessarily 
involve the translucency of the fibre wall, since any 
opacity of the wall vvould obliterate it. Such opacity 
might result from prolonged exposure of the seed-cotton 
on the plants, or from irregular deposition of the thicken- 
ing layers of the walb in so far as single fibres are con- 
cerned, while irregularities from fibre to fibre would have 
a similar effect in a bulk sample of lint, in former dis- 
cussions of lustre the major importahee has’been attrib- 
uted to the cuticular ^kin of the fibre, and oo variations 
in its reflection of fight; but cuticle is one^of the last 
plant tissues to be affected by ill-treatment, and it 
seems more than probable that the causes of lustre 
changes and v5.riations lie behind the cuticle. 

One point may hero be mentioned which the author has 
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been unable to elucidate, namely, the habit in the U.S.A. 
of storing seed-cotton for a month if possible before 
The Storage ai^d the reverse habit in Egypt of 

^ of Seed- ginning as soon as possible after picking. 

Cotton, fjiyg habit in the U.S.A. Jias always been 
ascribed to the protoplasm of the lint hair cell remaining 
alive, and, so to speak, finisLing its work on thickening 
the wall while in the store. Upland cotton does not 
behave in tliis way when grown in Egypt, the cell-con- 
tents dying as soon as the boll opens; and either the 
accepted explanation is incorrect, or else the process is 
merely on^ of “conditioning,” by effecting a more 
uniform distribution of moisture through the sample 
than when it was first picked. Hometiuies the effect is 
ascribed to the oil from the seed working its way into the 
lint, but the author is not aware that any chemical proof 
of tliis statement has ever been brought forward, nor is 
it easy to see how oil (which is buried as droplets in the 
living protoplasm of the embryo only). can work its way 
out, through the dead tissues of the seed-coat, including 
the vegetable ivory of the palisade layer (Fig. 20), and 
ultimately into the lint. 

We now turn to the major characters of length and 
strength, with the all-embracing feature of uniformity. 

There is very little to be said regarding Length, other 
than our previous remarks in the foregoing chapters. If 
any of the many cgntributing cayses have brought about 
irregularity in this respect, the sample will be unsatis-’ 
factory ;dt will not “pull to a hard edge/’ (Fig. 18, B), 
* But not in Texas. 
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and, since even the best macliinery cannot completely 
equalize the distribution of tufts of varying length in 
the yarn, it will make weaker yam than a 
Length, ga^ple in which the lengths of all ha4s 

are the same and equal to the mean lengtli of the irregular 
sample ; the old adage that the strength of the chain is 
that of its weakest link applies very cownpletely to yarn 
strength. 

The discussion of Strength embodies this adage, and 
also very much more. In the first place we must dis- 
tinguish between the different lands of 
“strength”; there are primarii^, breaking 
strain or hair strength, hand-impact-testing 
or grader’s strength, and the strength of the spun yarn. 
Secondarily there is the strength- variation from fibre to 
fibre, which affects all three classes. 

Hair Strength . — Wo have seen good reason for believing 
that the brealdng strain or impact resistance of single 
fibres is almost entirely dependent on the sectional area 
of their walls, independently of their diameter. 

Worked out in this way, it is not without interest 
to note that the tensile strength of a cotton fibre is about 
double that of wrought iron, so that Ij^t is no| quite such 
a delicate and fragile substance as one is inclined to 
imagine it. If the v%ll thickness is the same in two 
hairs, the hair strength will be proportionate t© the 
diameter of the hair ceU; while if the^hair cell diameter is 
the same in both, the hair strength will be proportionate 
to the thickne^ of the wall. Our only reservation in 
this respect is that it is possible for the texture of the 
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wall to affect the strength somewhat ; but — just as 
flowering is the main determinant of yieldv—wall thick- 
ness must be the main determinant of hair strength, 
While texture can only affect it secondarily as to strength, 
though possibly greatly in regard to lustre. Wo have 
also seen tfiat hair strength is a definitely inherited 
peculiarity, thouy^h subject \>o much greater fluctuation 
than length, some strains never making a very thick wall, 
while others make very thick ones whenever they are 
given an opportunity. 

A side-issue of great importance from this discussion 
of hair stV^ngth relates to the diameter of the fibre. 

This we havo seen to bo comparatively 

T^iamotcr 

constant within a pure strain; but since 
there is a little uncertainty in somf previous writings' on 
tliis subject, it may be well to discuss the matter more 
fully. The diameter of the developing hair cell is fully 
attained almost immediately, though the position of the 
maximum diameter in the full-grown lint hair may vary 
with different kinds of cotton, and cannot be settled till 
the hair has grown to its full length. 

This diameter is that of a very thin- walled and more or 
less cylindrical tube. The diameter of the ripe lint hair 

ft I 

Diameter different : the walls of the tube have 

affected k©en thickened, and then have collapsed 
by^Hair® (yig. u). Obviously, if the thickening has 

Strength. negligible, the width of the ribbon thus 

formed will be one-half the circumference of the original 
tube. Tf, on the other hand, thickeni^ig has been so 
complete that the tube becomes a solid rod, it will not 
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only be incapable of collapse, but its diameter wiH be the 
same as that; of the tube. The diameter of the ripe fibre 
may thus vary from 167 to 100, according to the amount 
of thickening, \<^here 100 represents the diameter of tile 
original hair cell (Fig. 17). Thus, in terms of width of 
the ribbon, the more a hair cell is thickenecf, the finer^it 
will be, which is obviously absurd; thus^the term “ fine- 



Fio. 17 . — Hair Strength and Diameter. 


Diagrammatic tran8vorf>o st^ctionB of lint-hairs, indicating how increased 
wall-thickness — t.c., }ia:r strength — must lessen the maximum 
diameter of the ripe hair. 

Left, no thickening. Right, excessively thickened. Above, before the boll 
opens. Below, ripe and collapsed. 

ness ” does not relate to the width of the ribbon, and 
has*little to do with l4ie maximum diameter of the col- 
lapsed cell. 

If again we compare* the two purfe strains already 
mentioned (p. 106), which had practically identical dia- 
meters, but very different hair strengths and very 
different designation^ in respect to fineness, we see that 
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the maximum diameter of the lint has nothing to do 
necessarily with comparisons of fineness from one kind 
^ of cotton to another, as is so frequently stated . 

^ * On looking through published figures on this 

subject, one is struck with the way in which dkta for 
dikmeter have been stretched to make them fit the view 
that diameter and fineness are equivalents. The extreme 
range of moan fibre diameter in good samples of all com- 
mercial cottons may be taken as 0 016 millimetre for Sea 
Island, and 0 025 millimetre for some Indian cottons. 
The squares of these numbers stand in the ratio of , roughly , 
2 : 5, and Hriations of this magnitude in fineness may be 
found within Egyptian cot con alone, where the diameters 
are practically constant. If, however, we consider the 
thickness of the wall of the fibre, jwhich cannot well* be 
measured except by cutting sections, and so obtain 
figures showing the thickness of the walls, they will 
follow the gradings for fineness much more closely. 

Thus we roach a definition of fineness as practically 
equivalent to hair strength. Fineness is partly a matter 
of cell diameter, but more a matter of wall thickness. 

The statement just made, that a fine lint is weak lint, 
may at first seem to be a reduciio ad ahsurdumy but it 
needs further consideration from the grader’s point of 
view. 

Omder's Strength. — In the preceding chapter we s^-w 
that grader’s strtogth and breaking straiii were entirely 
independent, and that not merely from day to day in the 
same ^d of cotton, but also between different cottons. 
We also concluded that the trader tested the lint for its 
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resistance to impact, and that his comparisons were made 
for such resistance per equal weight of lint. The grader’s 
decision as to fineness is really a decision as to hair 
Interpreta- while his decision as to strength is 

tions of ^^.rgoly a decision as to the uniformity of 
trader’s strength from fibre to fibre. Injo this latter 
Teims. decision there e^iter other considerations, but 
it will sufi&ce to leave the matter at thiil point, until one 
of the Graders shall also attempt to write a book on the 
subject. But it might be mentioned that the slipperiness 
of the lint has to be considered; it is almost impossible 
to break tufts of very “ strong ” fine cottons, because the 
hands cannot hold them firmly enough, but if^he ends of 
the tuft are fastened with sealing-wax they can be broken 
with no more difficulty than any other cotton. Such 
slipperiness is partly (?ue to the fineness of the individual 
fibres, but much more, in all probability, to the uni- 
formity and frequeJicy of the tA\dst. Whatever the 
ultimate analysis taay show, it is quite clear that the 
grader of cotton by liand is necessarily integrating a 
number of separate things under the name of strength, 
and we can now begin to see why graders’ opinions are 
not always realized in the spinning-mill. 

In addition to this, it may be well to call attention to 
the fact that many of the features on which the grader 
ramiliar opinion are associative^ Certain 

Akociations feature^ of a cotton sample indicate* that 
pf Features, pj-gp ^as badly cultivated, and there- 
fore the sample will possess certain other feature^. -The 
substitution of pure-strain lint for commercial lint has 

10 
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consequently some curious effects upon the gtader* If 
the pure-strain hnt has not been cultivated particularly 
well, it will show such “ uglinesses ** as would, in com^ 
(mercial variety samples, be necessaril}- associated with 
such irregularities of length and strength as a pure strain 
c^annot show; the result is that the spinning-mill will ^ve 
far better results than the gradei would imagine possible. 
Possible Ignorance of this fact led to some serious 
Mistakes in consequences within the author’s experi- 
Grading. ence, and it would be well that those who 
may be concerned with the production of pure-strain 
cottons future should be aware of the risk. 

Yarn Strength , — This is^ the only strength that really 
matters. Cotton is grown to be spun. If it spins well it 
is good cotton ; if ill, bad. 

We now meet with a new set of questions, many of 
which are still unanswerable in any exact expression; 
and although they have been dealt with more fully than 
other parts of our subject, by previous authors, it may 
be well to present the case afresh. The main considera- 
Unimpor- ’ strength of yarn has 

tanceof Hair very little to do with the hair strength as 
Strength, determined by breaking strain, only about 
a quarter bf the available tensile strength being realized. 
The strength of yarn is thus almost entirely dependent 
on the hold which the individual hairs take upon one 
anotW. Yarn does not breal^ primarily ^through rupture 
of hairs, but through slip of hair on hair. Strength •oi 
yarn, within limits, follows the amount of twist which is 

•t 

put into it, even the variation in strength of yarn after 
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mercerizing being accounted for in this way. If, there- 
fore, yam of a certain count and number of twists per 
inch is desired, the strength of it will depend almost 
entirely on the properties of the cotton employed, in 
respect to the grip which each hair takes on its neighbour. 
The author has practically no evidence to, offer of the 
kind presented in respect of other characteristics, and 
our discussion must consequently be vei^ general. 

In the first place, it is obvious that uniformity from 
fibre to ^fibre is a prime essential, on account of the 
weakest link. Uniformity in length must 
Uniformity, gome importance, uniformity in dia- 

meter still more so, with uniformity in finene^, and prob- 
ably uniformity in twist is the most important of all . Of 
these four features, the diameter is usually fairly constant ; 
the length varies from the causes we have already dis- 
cussed, and if its variation is excessive it can be regular- 
ized at the card or I'y combing; variation in fineness 
we have also discjiissed under the title of breaking strain, 
or hair strength, and there thus remains one important 
component — ^the twist of the lint hair. 

Since the word “ twist ’’ has its special meanings in 
this connection, it may be advisable henceforward to 

Convolutions twist of the fibref as “ con- 

of the Lint volutions,” in order to avoid confusion. 

Hair It was pointed out in Chapter III. on the 
Development of the Boh that the convolutions* were 
caused by the presence of simple pfts in the thickened 
wall, and were thus due to a definite structural cause, 
and not to any mystic gyrations of the protoplasm in the 
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dying cell. This brings the whole question of theSe varia- 
tions in the convolutions of lint hairs into line with other 
botanical investigations on pits in cell walls, and, although 
there are practically no data of the kind we require which 
are available at the moment, we shall be able torutilize 
tbom when -they are obtained with other plants. The 
ideal cotton sample is one in which all the hairs are of 
the same length* diameter, and wall thickness, while all 
have the same number of convolutions per fibre in the 
same direction, spaced at equal intervals froiii end to 
end. Such a sample would interlock in spinning so as to 
give the maximum resistance to slip for whatever twkt 
it received.^ 

In the first place, the convolutions of the fibre do not 
always run in the same direction, but the direction 
reverses at intervals. It is not easy to say 

ConvXtion!? advantage or not, under 

present conditions of spinning, for it should 
be remembered that, if all .fibre.s were similarly (ionvo- 
luted, they would always have to be spun with the same 
direction of twist, if the maximum strength were desired. 
As to the causes of this reversal in twist, we can only con- 
jecture that 'they result from some check in growth, 
taking placfb about the thirtieth day of boll develop- 
ment, when the secondary thickemng is beginning, lead- 
ing to irregular differentiation of the pit areas on the wall. 
They cannot be determined lal^r than this, since other- 
wise the pits would not be formed through the whole 
thicknees of the wall. They might possib^ be determine{l 
earlier. 
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The spacing of the convolutions from end to end of the 
fihre would be determined at the same time as their 
direction, and in the same way. 

In the third place we have to consider the “ pitch ” ^f 
the convolutions, which is of high importance. If the 
Uniformity is too low the fibres canrlot interlock 

and Pitch of properly, dnd ii' too high they will be liable 
Convolutions, snarl ” in preparation for spinning. At 
first sight it would appear that the pitch would be entirely 
deperdeiit on the angle at which the pits were set to the 
axis of the cell, and this is undoubtedly an important 
(jomponent, as further investigations on the wild-cottons 
may show. 

In addition, however, the thickness of the wall affects 
the* convolutions, as <.jp,u be easily realized on considering 
Pitch and extreme cases.^ If a lint hair has an 
Hair extremely thick wall, so that the central 
Strength, cavity is practically obliterated, it cannot 
shrivel on drying. Lxid therefore cannot form visible surface 
convolutions, in spit' of the presence of the pits ; if the 
same kind of hair, witli pits set at the same angle, is very 
slightly thickened, tho\mllapse on drying \^^ll be at its 
maximum, and the convolutions will be entirely deter- 
mined by the pitting. Thus intermedfate stages will have 
intermediate pitch in ^heir convolutions. Regarding the 
question in this way we bring the convolutions into line 
with other properties of the lint which we have studied 
in their development. (Convolutions are primarily • deter- 
mined by the ajigle at which the pits are set — probably 
an inherited character — and are modified from this by 
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the extent and regularity of the thickening of the wall, 
excessive thickening reducing the pitch of the convolu- 
tions. The pitch of the convolutions which gives the 
l^t result from any variety of cotton in any particular 
class of spinning operations is in all probability definite 
fer that class. 

It would seem, therefore^ justifiable to assume that 
although no precise data of tho kind we require have 
ever been obtained as to the varying development of the 
convolutions, yet in all probability the same considera- 
tions apply as in the case of length and hair strength. 
All the factors, constitutional or environmental, which 
modify the latter from ideal uniformity, also modify the 
convolutions in a parallel way. 

Uniformity . — Throughout the wtiole of our discussion 
of the development of raw cotton there has been one 
recurrent ideal, namely, the production of uniform cotton. 
By various stages of analysis we have seen how it is 
possible to attain an approximation ‘to this ideal, and 
how the difficulties may all be overcome — ^if it pays to 
do so — with the exception of such irregularities as are 
due to the “ struggle for existence ” between individual 
hairs on the same seed. 

The fact that we have had to carry our analysis into 

Perfect minute details,, and to. link these up 

Cotton ‘ with such remote causes, shows very clearly 
Unattainable, however interesting the knowledge may 
be, a strictly uniform sample of cotton-lint can never Be 
grown.' 

Equally, however, our analysis shows how very far 
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* Pig. 18.— Lint Length op a Good Sample. • 

A repesonts tho lengths of 100 lint hairs taken at* random, and measured 
m a good commercial sample of Sea Island by O’Neill in 1863 (com- 
puted from O’Neill’s figures), and checked by the author on samples 
of Egyptian vapeties graded as ** excellent ’* ior regularity. 

Bf the same hairs as A , but mixed together and held in a clamp, to represent 
the grader’s inspection in band-pulling a sample. A sample which 
actually shows tnis amount of inwgularity when sprted hair by hair is 
considered excellent, and pulls with a edge.” 


162 THtf DEVELOPMENT OF RAW COTTON 

remote from the practicable possibilities the best samples 
of to-day must be (Fig. 18). It is hard to believe this is 
so when one is handling some specially good St. Vincent 
coiton, or similar raw material; but nevertheless it is 
quite certain that the best cotton grown to-day ts far 
frdjn reaching the moderate uniformity which it >vould 
be quite practicajble to attain by comparatively slight 
refinements in seed-supply and cultivation. 

In the light of our analysis it is almost impossible to 
say what uniformity does not mean. Practically every 
property which a commercial sample 
^possesses is partly the property itself, and 
partly unifownity of that property. 
Graders’ strength is partly uniformity in strength, 
lustre is partly uniformity in /^ell-wall formatioli; 
deteriorated colour is non-uniform colour, and so forth. 
It is to be hoped that, even if the class of investigations 
described in this book has no direct applicability, they 
will at least facilitate the interpretation of these terms 
of common speech into their real components. 



CHAPTER VI 


THE DEVELOPMENT OF COTTON*GROWING 

There is some peculiar fascination about cotton which 
defies analysis. Probably the enormous size of the 
industry, and the unsuspected revelations which it con- 
tinually makes to the student, have something to do 
with its charm; the gap between the native cultivator 
and the mill-hand is so wide that any person dealing with 
any part of the cottoii trade must of necessity take some 
interest in the other parts whicji only concern him re- 
motely. It is a humiliating reflection on the intellectual 
effect of prosperity that the relations between science 
and the cotton traue became steadily less intimate during 
the past century, so that the sentiments expressed by 
writers on the subject read as if they had been written 
backwards, the writers of a hundred years ago summon- 
ing aU the scientific knowledge at their uisposal, while 
those of to-day frankly admit that ^he trade has been 
working by rule of thuvnb. 

The obvious retort is that science was found a fallacious 
guide, and that the only path worth pur^iuing was the one 
which led to financial profit quickly. That the latter was 
the case tiU th^ end of last century is undeniable; the 
world had all the cotton it wanted for the time being, and 
163 * 
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no recondite study was necessary. Since a.d. 1900 the 
situation has altered enormously. Fears of dependence 
on the American crop in the e\r6nt of a shortage, the 
developing uses for strong cotton fabricd in modern light 
and rapid instruments of locomotion, and the increasing 
^cessibility of the colonies, have all led to initial steps 
in the development and cofitrorof raw cotton supplies, 
and to their better utilization when obtained. 

To outline some of the principal ways in which these 
developments can most efficiently and rapidly be made 
should be of some use, if it be remembered 
^ that the suggestions are based merely on 
the author’s personal opinion. The greater part of such 
development work is as yet but a stumbling attack on 
the problems involved, wasteful ottime and money. If 
natural science is to take any concern in economic affairs, 
it should at least be able to offer some suggestions of a 
general nature which might facilitate the work of those 
who are clearing jungle, digging canals in the desert, and 
coping with the difficulties of administration, in order 
that more and better cotton maly be swallowed up by 
the bale-breakers in the mills. 

In the first place, it should be clearly understood that 
science must follow the financier in the first instance. If 
transport, labour, water, are only to be 
^ obtained at a high price, cotton-growing 
must be a failure as a business propo&itkn. Moreover, 
the scientific economist must follow close upon the 
financieb, for the hasty development of ^ cotton-growing 
•in new country may lead to many troubles; the price 
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of native labour may be raised to a prohibitive figure, 
from which it will not recover for years. Sometimes the 
scientist may be able to take the matter in hand, and by 
improving the value of the raw material, or by reducing 
the cost of production, compensate for these disadvan- 
tages*^ but this statement has been made so ofteA, 
and so seldom realized, that it might be better not to 
repeat it. 

Essentially, then, cotton is a cheap-labour crop, and a 
hand-labour crop as well (Figs. 5 and 6), and will remain 

Me h ‘ 1 dream of a mechanical means 

Pickers!^ picking has been realized. In this respect 
the author is inclined to think that the aim 
of inventors has ranged too far ; a long experience of the 
routine repetition of^operations, such as those on which 
the diagrams in this volume arp based, has led him to 
value small refinements in method. The position in 
which a pencil is laid down by the side of the balance- 
case may make a dillerence of 10 per cent, in the number 
of weighings effected in an hour. Similarly, if a strip of 
bent tin or a curly piece of wire would enable the pickers 
to gather a few more bolls in the same time and with the 
same effort, it might make the difference between the 
success and failure of a new cotton-bowing area. Even 
such trifles as dropping the load of picked bolls at the 
end of the row, instead of carrying it along other rows, 
make a difference in the amount picked, and some simple 
experiments of this kind might be quite usefully con- 
ducted, in ord^r to ascertain how time might be econo- 
mized, without extra labour from the operatives. 
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In developing a new district for cotton-growihg, pro- 
vided that the economic situation is satisfactory, two 
things are necessary. Firstly, a crop has to 
grown in the field, and not merely in 
gardens ; secondly, the reasons for its failure 
have to he ascertained. The author’s use of the word 
“failure” is deliberately dofignoi to draw attention to 
an aspect of agriculture which has not been fully viewed 
before ; every crop is more or less a failure. More usually 
we say that it is more or less of a success, but iri the case 
of cotton it is almost better to express it the other way. 

So long as good land in Egypt can produce a normal 
crop of 700 pounds of lint ^o the acre, with an average of 
over 450 pounds for the country, even now, while the 
U.S.A. averages about 200 pounds^ and India less than 
100,^ we have a definite basis of comparison for the degree 
of failure which we call success in cotton-growing. 

To return to our second essential, namely, a knowledge 
of the reasons for the comparative failure of the crop. 

The obvious that a full knowledge of this 

Behaviour kind can never be obtained, and that it 
of a Crop, years of research to provide oven 

reasonably intimate knowledge; but the immediate de- 
mand may be put la a simpler form, to wit, “ How did 
the crop behave ?” On the surface this would seem to 
be a childishly simple question, but it is one which no 
cotton-grower could answer i^ any forpfi giving the 
scientist informatioii from which to draw conclusions: 
With'some crops it is a relatively simple matter to describe 
how the yield was attained, but when the yield is being 
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built up day by day over a period of two or three months, 
ordinary caspal (or even skilled) observation breaks 
down. 

The first step in developing cotton-growing for a nej^ 
country should be the procuring of records showing how 
tho yield was built up under optimum conditions. This 
involves also determination t^f the optimum conditions. 

The optimum conditions of the site and year in which 
the trials were made are very simply defined as those 
. which produced the largest crop, which also 
^ta^Trial” — things being equal — will be the best 
crop. The conditions which jgroduce the 
best crop can only be ascertayied by trial and error, but 
there are right and wrong ways of so doing ; much (Jf this 
work as done to-day consists of very little trial and very 
much error. Certain conditions^ of the environment can 
be controlled in the trials, while others cannot. Weather 
is uncontrollable as regards temperature, and only as 
regards water when there is no rain; in irrigated land 
tho water-supply should be made one of the subjects of 
experiniept. Although* the weather caimot be changed, 
its incidence on the plant may be changed, by making 
the time of sowing another subject of experiment. The 
soil may be modified by manurial 'treatment, though 
experiment in such dilution should be restricted initially 
to those methods which are likely to be practicable for 
the general crop. Lastlyothere is the arrangement of the 
plants on the area cultivated, whicli is of more impor- 
tance than has Jbeen realized in the past ; there can, for 
example, be little doubt that the American crop would- 
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be ftbout 30 per cent, larger if it were not necessary, to 
put the rows far apart so that horse-hoes could work 
between them. 

Taking three controllable variables only— manure, 
sowing-time, and spacing — a good deal of most pioactical 



These curves show the number, of bolls opening in each week of the season 
on five plots which were nominally exactly alike, in various parts of 
a single acre of land ((shown in PI. XI., XIl.). Perfectly definite 
differences exist between them throughout the season, due to variation 
in the deeper layers of soil 

Fig. 2, p. 24, is constructed from the averages of such sets of five plots. 
Variety, Domains Afifi; site, Giza, 1913. 
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infoiHiation can be obtained in a single year. It remains 
to consider how the optimum for each of these variables 
;s|iould^be ascertained, and this brings us to the question 
experimental plots. 




next to the road, which are conspicuous through having recently Iwen watered. Each plot consists of ten rid^s. each of fifteen 
pairs of plants, and bears a serial nnml^r at the top of a tall stake. The results from these particular plot - are used in 

Figs. 2 ami 19, pp, 24 and 
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Ir^ the? last five yeaas we have seen a revolution in our 
knowledge of^ field experiments, the methods of coi^t 
ducting them, and the errors inherent in 
them. The two chief features of this new 
• knowledge are as follows; The increased 
precision obtained by increased ^ize of plot is practically 
negligible beyond abowt one-tenth of an acre; the 
errors in comparison of ^plots which are supposed to be 
identical is such that with English wheat the plots may 
differ as 5^ : 116 by pure accident, and only half of them 
will be as closely similar as 96 : 105. 

A great part of this error is due to soil variations 
which cannot be eliminated. JVhen we deal ^th a deep- 
Errorsof plant like cotton, which sends its 

•Plot- roots through more than two metres depth 
Comparison, goil in a season, the errors are much 
greater from this cause. Identical plots of cotton may 
differ by nearly 76:125 through normal accidents alone, 
and half the plots are bound to differ more than 93 : 107, 
this degree of differenve being shown on total yield, and 
being proportionately more on separate pickings (Fig. 19). 

Recognition of the e^Sstence of this very high degree 
of uncertainty in comparison will accoum for the un- 
Needfor certainty which attend^ on o*hr present 
Accurate knowledge^ of the cotton crop. Practically 
Results, the whole of the work of the past fifty ^ears 
on experimental crops of .ootton will have to be repeated 
in this new light, just as Mr. Leake Bas pointed out that 
nearly aU the failures in introduction of new cottctXB into 
India have become devoid of significance in the light of. 
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recent, discoveries about natural crossing. There is only 
one way in which certainty can be attained, and that way 
is a laborious one, though not at all impracticable ; ^by 
dividing the experimental area into smell plots (PI. XI.), 
putting five under each kind of treatment, and scattering 
'Vhese five over different parts of the area, the precision 
of the results with cotton may he increased to 9 : 1 1 as 
the maximum possible xlisaimilarity due to accident, 
when the five-plot averages are compared. It is fre- 
quently objected that the trouble and labour of handling 
small plots makes them iju practicable ; there is, how- 
evei, no escape from the fact that only in this way can 
a reasonably correct answer he obtained; whether it is 
practical ” to obtain an answer which has practically 
no meaning, and “ unpractical ” to expend a little more 
on labour to obtain one which has a definable signifi- 
cance, must be left to the future to decide. It should be 
noted th<at the same amount of land and ordinary culti- 
vation is required in both cases. The additional troubles 
The Handling handling of the small plots, and 

of Small especially in laying them out and sowing 
Plots. them. One working suggestion in the 
former respect may be useful, namely, that no attempt ^ 
should be made to differentiate the plots in the field- 
work; each plot should have a serial number, be observed 
and treated under that number, and the final grouping 
effected only when working up, the results, of the observa- 
■ tions. Working in’ this way it is not impracticable to 
combine two, or e^en three, experiments into one ; thus 
• sowing-time and spacing could be handled in one series 
of plots in the following Way : 
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Four acres of land cut up into 126 plots, twenty- 
five being sown each week for five weeks grouped 
ardiind the probable date of sowing, with five different 
spacings of five plots each. The data thus obtained 
coul^K^be taken as being correct within the 9 : 11 
extremes for spacing and sowing combined, and lor^ 
^ther * spacing or so^^g separately their extreme 
possibility of error wouW be 95 : 105. • Whether such 
combined experiments were practicable, or whether each 
point would be investigated scpafately, would depend 
solely on the labour available. This class of experi- 
mental work requires either careful supervision at the 
times of sowing and picking, or else the training of a few 
natives to act as observers, with a modicum of thought 
in tjie arrangement of fool-proof methods for them to 
follow in making the ot)servations. 

By conducting experiments on these lines, so as to 
obtain a reliable ansA\or, much time and money is econo- 
Utilityof folio vang year, when the 

Accurate results ^rom the plots are applied on a 
Results, larger scale. The case of sowing-time in 

Egypt is i^ery much to* the point ; the author has shown 
that the early sowing of cotton before a ‘^ertain date is 
of no advantage, and may bring a loss, •while sewing after 
that date delays maturity ; the cause of the existence of 
this “ critical date ” would appear to lie in the ^tempera- 
ture of the soil, whif 'h at depths of a foot or two undergoes 
pil^k’tically the same seasonal changes in temperature 
every year. 

So far we ha^^ sketched the methods only by which 

11 
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the optimum conditions of cultivation for a certain site 
and year can her determined. It still remains to answer 
the question as to how the plants behaved under those 
^conditions ? ^ 

The cotton crop is thoroughly misleading in its ejj^ar- 
S.ance. A field may appear to have but little ripe cotton 

Uncertainty which are 

of Subjective obfecured by the loaves. Another field may 
Opinions, appear to be flowering profusely, and yet 
be about to stop flowering almost entirely. The best 
experts of those who spend their time in travelling 
about a cotton district and reporting on the crop con- 
dition are<well aware, and will admit, that they cannot 
estiipate the yield of cotton ripe in any particular field 
to within 10 per cent. Yet there is scarcely any prop 
which has been so entirely discussed on purely general 
ideas as to its appearance. 

The question arises as to whether any more accurate 
data are worth obtaining in the early stages of develop- 
ment, and the answer is most certainly 

affirmative. Take, for example, the case 
of Accidents. • ^ . 

of a rain-storm occurring at an unusual 

time in the first season of experimental work ; it is desir- 
able to kiBow whether the results obtained in that yety ' 
are still generally applicable to future years, or whether 
they havp been entirely falsified fey the storm. To justify 
expAiditure on elaborate smaU-plot experiments, it must 
be shown that their results can be made of general sig- 
nificaiQico, and afiplied forthwith to other possible sitos 
and seasons. 
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FortuAately it is a tolerably simple matter. to obtain 
such records^ given a few native labourers and a little 

„ , training. The observations may be taken 

Crop Records. ^ i . , 

on the entire plots, or on groups of 20Q 

planife*each, counted and marked ofif by stakes in each 
plot. The observations which are practicable are thoser 
of boiling and flowering;, and, ^tho object of these observa- 
tions, as well as of others which are les^ easily obtained, 
is to present a continuous record of the behaviour of the 
plants. The idea) would be to take these records daily 
(Figs. 4 and 10), but this would rarely be practicable in 
early development work, and slightly longer intervals 
may be substituted. 

The records of boiling are obtained by picking or count- 
ing -the number of boUs open on the observed groups of 
plants each week, so as to obtain the number 

:^ecOTds ^8.ch week per plant or per plot 

(Figs. 10, 1 3, and 16). When a large number 
of plots is being handled, it may be convenient to take 
one day of the W'^^ek for one series, and one for another, 
but adhering strictly to the same day for each series. The 
figures may be expressed as the number of bolls ripening, 
or the weight thereof, or — best of aU — ^botli ways; if both 
t'lire taken, the average boll weight ^ach wt^ek is thus 
•obtained, which is an important consideration. By 
, plotting the results on squared paper, it is eEjsy to see, 
not only whic^ plots gav^ the best yield, but whicB were 
earliest, etc., and to deduce from theiie curves the reasons 
for failures. 

The flowering records (Figs. 2 and 10) are even more 
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valuable, .but they necessitate daily observations, or 
alternate days at* the least, if daily observations are ab- 
solutely impossible. They are more valu- 
able because they are not subject to so many 
sources of error as the boiling records and 
therefore give more accurate comparisons from plot’ to 
plot, especially as regards f^he early stages of growth. 
After the flow'or has opened, it'^maj- be prevented from 
ripening into a boll through shedding caused by water 
shortage or excess of water, or by weather; or throu|h 
the attacks of insect pests or fungi. The boiling record 
thus merely shows how the crop was produced, but the 
flowering r^^ord helps to explain the why and wherefore. 
Flowering records cannot be taken satisfactorily on odd 
days, or even at regular intervals, becaiise the flowers do 
not accumulate as the bolls do, and also because the rate 
of flowering varies very greatly from day to day, owing 
to previous variations in the growth-rate of the flowering 
branches. In spite of these disadvantages, if flowering 
records can possibly bo obtained, tliey are well w'orth the 
trouble, on account of the insight .they give into the way 
in wliich the yield was formed. It is not always realized 
that the number of flowers opening is the 
^ determinant of the final yield of a 
cotton-field ; the yield may be Jess than the 
flowering ^ould indicate (Fig. 10), but it cannot be more. 
The results can be plotted simjlarly into {curves, on the 
same scale as the bolMng records, per plant or per area ; thfe 
differeiujo between the two curves shows the loss -on any 
,day or in any week from shedding and from insects, and 
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the departure of the flowering curve from a thedreti&l 
form gives evidence as to the nature and magnitude of ' 
the causes affecting the plants. 

15 ^ utihty of these Plant-Development Curves ft 
almo^ endless, as the author has shown in Egypt. To 
, study the data obtained in ordinary field"^ 
experiment's, after being accustomed to using 
these continuous records, is like making use 
of a dictionary from which many pages, have been torn 
away. Ike difference between them and the ordinary 
data for tlnee piclvings is similar to the difference between 
the inked trace of a barograph and the guesses founded 
on the tapping of the baronu)ter. The trouble of ob- 
taining them is appreciable, but the cost is trifling; one 
experiment with l()(k plots on 2 acres, conducted by 
the author, in wliich many more data were taken than 
those sketched above, cost £30 more than the ordinary 
cost, for all observation salaries, stakes, headman’s time, 
and clerical appliances. Three sots of plots of fifty each, 
directed to the examination of ten different spacings, 
sowing-times, and mamjrial arrangements, should, a year 
later, repay the outlay upon them many times over. 

A modification of these methods may be used, with 
certain limitations, for testing varieties or strains when 
only very *imall amounts of seed are avail- 
variety ^ ordinary crop is uake^, and 

in it are sown rows of the seed to be tested, 
replacing the ordinary crop seed which should have 
occupied the same places. These rows consist of about 
a hundred holes each, and not less Uian five such rows, 
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Fig. 20. — Varibty Testing by Bolukg Cubvbs. 


Illustrating the use of Plant-Development Curves for the comparison of 
varieties^ using ven^ small amounts of seed sown in scattered groups 
amongst ordinary field crop. 

The 1011 comparison was made on land which had borne three successive 
crops of cotton, but was well cultivaW. 

The 1912 ^mparison was one richer land, and the curves consequently 
iLse h^her, but irrigation was delayed in July, causing shedo^ of 
the flowers, whijh consequently reduced the yle)d for a while hSep. 
tember. ,3 

III both years the slight lateness of the Voltes variety stan'l^ wViti* 
* Sakol clearly cannot tolerate water-shortage. 
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preferably more, are scattered about the areal. If more 
than one kind is to be tested, parallel and adjacent rows 
are used. I^cords are taken from these rows, showing 
th&ir flowering and boiling, and from similar parallel roy^ 
of ,the ordinary field crop amongst which they are sown. 

In this way it is possible to'obtain remarkably exact 
comparisons when only a fe\i> ounces of g^eed are available, 
and a very marked economy may be effected in the follow- 
ing year when full field trials are undertaken, since not 
only hat’e the useless varieties been eliminated, but 
valuable information about varietal peculiarities has 
been obtained (Fig. 20). Tims the accidental failure of a 
new variety can be distinguished from a real failure. 

Meanwhile there is the question as to whetner it 
is worth while attetnpting seed-breeding, and this is 
problematical. Seed-supply is only worth doing when- 
it can be done ver^/ well, and a new country is rarely 
suitable for refinements of this kind, although it may 
be quite practicable to get minute data of the kind 
we have discussvxi from the laud near a residence. 

At the same time iWould be well worth while attempt- 
ing to make pure strains from the commercial varieties 
which were most successful, ultimately replacing these 
latter by them. 

The isolation of pupe strains of cotton is another of the 
many commonplaces which the pubjjc likes 
to enshroud in mystery.* There is nothing 
mysterious in the process ; it is almost true 
to say that n© skill is required, nor any knowledge of 
botany, nor even of cotton. The sole essential is ceas^- 
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less, Tinflagging, searching accuracy in handling the ma> 
teria] (PL I., VI., X., XIII , XIV.). 

^ Roughly summarized, but with most rigid definition of 
every word, it consists in obtaining seed from .^ifigle 
plants by self-fertilization exclusively, until plants are 
found which give offspring all exactly alike constifution- 
aUy in every visible and me^ur%ble feature. 

There seems to be some conviction at the back of many 
minds that a new kind of cotton can only be obtained by 
multiple crossing, destruction of organic stability, in* 
crease of tendency to reversion, interference with the 
balance of ^ature, and consequent aftermaths of like 
vagueness. Actually the production of pure strains is 
as straightforward and definite a process as the sepap- 
tion of sugar from sand. * 

The cost of such work is high, however, even if the 
actual purification research is not charged to it. To 
maintain a single pure strain, from year to year, avoiding 
all contamination by crossing and mixture, cannot be 
done at a cost of less than about £50 per annum for a 
renewal supply of only 20 kilogrammes of seed, nferely for 
appliances (PI. XIII., XIV.), and without counting the 
cost of skilled labouj. It would be to the interest of new 
countries to develop pure-strain cultivation as quickly as 
possible, when the old countries hat^e strains to spare, for 
Develojhnent strains will be isolated and tested 

of Pure-Strain and foiyid to be slightly unsuitable for thQ 

Bre^g. countiy of origin, and yet might be per- 
fectly suitable for some other country. Oilo of the coming 
features of the cottefn trac^e in thii^ respect will be ail 





I»LATF> XIJI. MAINTKNAXCK AND 1*H()|'A(J ATION OF FI HK STIIJINS. 
Bfr-proof cnjics of luass ^jauze inounttMl in Motional jkiiiH.s of inHh, carli cayc Ufiiift one- 
lhirti«‘th of an acn* in arf.i, co.stmj: ahout t70, and ]irodiinnK aiamt twi'nt> poiiinh wfii*hl of 
uiK’uittaininated mhmI (Moii Noar for tiic pni 7 Mis(> of .>iOMin)i! niopa^ation |)lot ^. 'I'lii't incinoii is 
actually choaptM than hafjjjinjj; floMcrshj liainLfor the siincc)(nr(M)sc. \ n w of. and tinoiigli, 
t In* corner of t wo cagt*^. 
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International Seed Register and Bureau, bo that pure 
strains when once isolated shall not be left to die, 
but shall be kept alive in small quantities of seed, 
Wlth^ accurate published descriptions of their perform- 
ances in ‘the conditions under which they have been 
tested, and shall be available for multiplication and 
further testing in any jthdl- country. , The cost of such 
an organization will be borne by the trade as a whole, or 
by the consuming side of it alone, since it A^ill be to the 
advantage of the spinner, and not to that of the successful 
grower, that such an organization should exist. At 
present not more than one per cent, of the work done on 
plant-breeding remains economically axailable. At the 
same time such an organization would have to be rifti very 
strictly, nothing but^ statistical evidence being admitted, 
either for purity, cropping capacity, or spinning properties. 

This last brings us lo another probable development of 
the future. At pres(3nt it is very difficuTt to ascertain 
Spianer’s what*is the comparative value of any sample 
Testing- of cotton, since there is no means of testing 
Housy. cottdin. We have seen in the preceding 

chapter that the only test of value is the test of spinning, 
and some persons have suggested that miniat^ure spinning- 
machine testers might be practicable. This is highly im- 
probable, if not actuary impossible, and in default of any 
existing indirect jncthods of analysis the cottdn pjust be 
put through ^ordinary s’tandard machinery. It is but 
rarely that any investigator has the good-fortune to have 
the courtesy eatended to him in this respect which the 
author has received frpm the bine Spinners* ‘Association*. ^ 

t 
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The trouble of conducting these tests in an ordinary mill 
is very considerable, but it should be practicable to 
establish a “ Spinning Testing-House ’* for raw cotton, 
a§ suggested by ]&. J. W. McConnel, ih which sets ^of 
machinery were installed for the special purpose of hand- 
ling ten-pound samples. • The fee would necessarily be 
fairly high, but tjio use of silch 8*n institution would not 
be confined solely to growers. The tests would have to 
be standardized for a range of comits and classes of yarn, 
and the results of the tests presented statistically as far 
as possible. An immense amount of uncertainty would 
thus be eliminated from the grower’s work, and a series 
of standard records would accumulate. 

It interesting to look back from the present day 
to the results obtained by the first t^f the author’s prede- 
cessors, Mr, O’Neill. His papers were read 

Fifty Years Lancashire in 1863, and from them we 
Ago. ^ 

can make certain comparisons with the 
cottons of the present day. The inteVvoning fifty years 
have heard much talk of progress, and have seen many 
extensions of cotton- growing areas. Nevertheless, the 
good cottons which Mr. O’Neill handled were every whit 
as regular and good^as those of the present day. Modern 
civilization has scarcely begun to affect the cotton-plant. 

This book has been written in it he hope of clarifying 
ideas ^n the subject and facilitating further inquiry, 
BO that the cottons of fifty ySars hence Vnay be more 
dependable than those of to-day. 
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APPENDIX I 

METHOD^OF "INVESTIGATION 

This appendix is intended rather for the use of those who 
wish to, re-investigate this work. The subject is 
methods of investigation employed in recording and con- 
trolling the condition of the plants, in the treatment of 
the developing bolls, in the examination^of the seed- 
cotton, and in the presentation and analysis of the/esults. 

' Crop-Records. — A^system of routine records of the daily 
condition of the crop was developed by the author, in the 
first instance for individual plants in breeding experi- 
ments, and later for field crpp conditionti At the end of 
the author’s service in Egypt these records had become 
so comprehensive that they gave information as to the 
state of the crop of the whole country, even when taken 
on a single site only. They consisted in measurements 
of the daily growth, of flowering, and of boiling, with sub- 
sidiary measurements of other features, su5h as shedding, 
and, in fact, of any pharacter of the plant which the ex- 
igencies of research and convenience combined to render 
worth measurement. The cost of obtaining these data 
was slight, unskilled native labovfr being trained, for the 
purpose, and^checks imposed ultimately by the nlethods 
themselves. The headman checked the wcgk of his si^b- 

t7l 
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ordinates, and very little supervision was required by 
the author or his assistant, since every set of plants 
recorded constituted a check on the exactness of the 
r^ords from other sets. If the curves presenting the 
data from two identical sets of plots did not coincide 
after computation each day, slackness on the part of the 
Observers was suspected at once and it is only lair to 
say that such occurrences were very rare. The Observers 
could not possibly concoct their results, since they had 
only a vague notion of the nature of the dozens of different 
groups of plants which they were observing, and the 
actual numerical records meant nothing oven to us, until 
they had be6n grouped, totalled, divided, and plotted on 
squared paper. Our records of crop condition at Giza 
in 1913 attained nearly to absolute precision day by day 
from May to November. 

All data were taken from definite groups of plants 
called “ observation rows,” containing a known number 
of individuals, and the results were all computed down to 
terms of an average plant. Presentation of the con- 
dition of such a plant as should be the average for a whole 
field, or even larger areas, was obtained by sampling 
various portions with a regular “ scatter ” of such “ ob- 
servation rows.” Any one of these rows could be chosen 
for the source of such material as is required for investi- 
gating the development of the lint, whether for pickling 
or for testing, and reference to the routine records would 
show qt a glance the daily rate of growth in tenths of 
millimetres, the fractional number of average •daily 
flgwers or bqUs, daletj of irrigation, and so forth; while 
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agarinst these could be plotted the corresponding data of 
each day for^ temperatures, sunshine, -humidity, wind, 
evaporation, soil-water content, subsoil-water level, or 
any other data .which might be relevant to the subject 
undei^investigat ion. 

Presenting the state of the crop thus in the form of 
an ideal average plant |at ^nce brings the agricultural 
problems into directly \otanical form* or, rather, pro- 
pounds those problems in terms of plant physiology. 
With sucl^exact records it is possible to trace most minute 
differences, of which one example may suffice: 

In former years the author had ascertained the period 
of boll maturation for several varieties an(^ strains by 
marking open flowcTs, and watching for their d{|te of 
opeming. Among tligse was a pure strain, No. 77, which 
in 1910 had a maturation period of forty-eight days, with 
a Probable Error of per cent. In 1913 material was 
taken* for these lint -development investig^ions from this 
strain, but no direcit record of the maturation period was 
repeated ; the qiu'stion arose as to whetli^r the change of 
plot and ^ of year had §.ltered the maturation period, or 
whether^forty-eight days could still be taken as correct. 
A full set of daily observations of flowering and boiling 
upon the variety “Domains Afifi”*were Smoothed to 
five-day means, and the two curves superposed; they 
fitted with an interval of fifty-one days. The process 
was repeated ivith the relatively im*perfect data fr^m the 
dbserved group of No. 77, and indicaited a slightly shorter 
period }»then the dates of irrigation of the group of No. 77 
were taken, fifty-one days added to^them, and the dates 
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thus obtained were marted on the boiling curve, when it 
was found that each date was three days later than ib 
sudden rise in the boiling, which we knew to be due tp 
diminished shedding; this marked the interval between 
tte opening of the flower and the opening df the 
boll as 61-3 (or 48) days for strain No. 77 in 1913, 
repeating the conclusion forpied hy direct determination 
in 1910. A system of records obtained at very little 
personal trouble or ofticial cost, which will thus cast, up 
evidence at will, splitting apart differences of three days in 
a period of seven weeks, is obviously not without its uses. 

Such an example also shows the precision to which 
field crop botany might ])e developed. # 

A fuller account has been given elsewhere of the 
methods by which these records we^e obtained, and only 
sufficient has been said here to explain the nature and 
purpose of them, and to make tlie appearance of,t];ic 
plant-graphs iit the figures intelligible. 

Cytological Methods . — Tlie earlier part of this work was’ 
effected in 190 6 .and 1906, when technical difficulties and 
the absence of physiological data made it plain that no 
further real advance was possible until more had beeli 
found out concerning the physiology of Egyptian cotton. 
The indirect' attack, or flanking movement, took years to 
develop, but in 1912 enough was known to justify a 
resumptio/i of the direct cytological investigation, and 
material was coUectell which cleared up the whole story ^ 
provisionally in about a week at the microscope, and wife 
comf)letely confirmed by the parallel and sub«equete.t 
, studies of qotton ripened from dated flowers ftpd fcoUfii. 
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For the later >vork we labelled batches of some 200 
flowers on pure-strain families on a single day, and col- 
lected from tliese some three or four bolls every third day 
af^terwards unt^ maturity was complete. These were 
incised in each carpel wall, and pickled directly in acefic 
ab'solute. Most of the examination of this material was 
done m glycerine jelly, and without staining, though fuller 
methods^ were also emVloyed. The technical difficulty 
of^ combing out long fibres devoid of any secondary 
thickening, so as to extricate them from the tangle of lint 
without breaking them, was solved by the simple plan v^f 
combing with a sniall-iooth comb in the usual way, but 
in warm water instead of in air, after picklingi 
The microscope employed *was the large Zeiss stand, 
with condenser, coi^ensating oculars 2, 4, 12, and 18, 
objectives a2, A, D, and oil immersion, and the 3 milli- 
me|ire apochromatic objective, all by Zeiss. 

^leftfaons were cut by hand on the l^nd microtome 
•or on the Cambridge Eocker, embedding in 60° C. paraffin. 
The more strictly cyiological material of, the early investi- 
gations was fixed cliif^fly in strong Fleming, and stained 
{chiefly with Heidenhain’s haemotoxylin. Some of the 
1912 material was also examined with these reagents. 
Sectioning of the lint itself desei^es soitie additional 

mention, as the difficulties which the autlior encountered 

# 

have caused him to wonder how the sections so freely 
. figured in otl^r works weye obtained, and a special fbethod 
iiad to be worked out to cope with them in the 1912 
material. Part of these difficulties was due to the stroke 
of the Cambridge rocking microtome, which does not 
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give a drawing cut, and is consequently helpless against 
cotton fibres, even when the paraffin is cooled to 0° C., 
these fibres being equal in tensile strength to wrought iron, 
much more Mastic, and only 0 01 8 mm. in their widest 
sectional diameter. Tolerably satisfactory sections- were 
obtained with a drawing cut on the Swift’s hand micro- 
tome, once satisfactory embedding had been attained. 

Embedding was found to fee i/ost difficult. Ordinary 
xylol infiltration, even in three-day steps, was useless, 
and finally success was attained with chloroform in vacuo 
at 100° C., with the added advantage of very rapid hand- 
ling. Material which had heen left in ordinary al(;ohol 
overnight cquld be in section under the microscope by 
noon, all operations being' conducted in test-tubes con- 
nected with the vacuum 'water-pump by tubes passing 
through the thermometer hole in tlie roof of the water- 
jacketed drying oven, saving the expense of a vacuum 
embedding hatji. The stages were: alcoliol, ab.«olute, 
absolute - chloroform equal, chloroform three times, 
chloroform-paraffin 60° ('., paraffin 60° V. twice. In this 
way the lumen of the cell was thoroughly infiltrated, and 
clean sections could be cut, cemented with albumen- 
glycerine, and handled as smears. 

Preparation:, of Paled Sample^.— Samp\ef\ of known 
history, upon which the physiological hypotheses based 
on the cytological evidence could be tested, were most 
simply and completely obtained by taking daily pickings.. 
The result is material which has undergone an endless 
variety of environmental experiences, these latte^ being 
recorded in the routine records already described. Some 
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severe maltreatment of the plants may be advis’able in the 
first experiments, in order to provide an unmistakable 
effect as a base-line. The result is that such material 
provides not on^ experiment, but a series of some sixty 
experiments in one, with consequent economy of time 
and labour in handling the mateuial. 

Continuity of JSecorf^.-^uck treat menj involves a prin- 
ciple of considerable moment to biological researcli, and 
especially in agricultural matters — namely, the utility 
of continuity in data. Every additional point in a curve 
increases the definition of the curve, and a continuous pro- 
jection is, moreover, much closer akin to the requirements 
of the practical man than the; exact definition of a few 
isolated points. Much of the agricultural investigation 
of tlie past has been imconsciously an effort to draw com- 
plicated curves from the knowledge of only one or two 
points along their coiuse, so that divergencies of opinion 
hav^Iaturally arisen— and have given ?l proverbially 
bad name to agricnhural experts. 

Continuous data are so much more ea'feily interpreted, 
especially, in field records. We are all familiar with the 
recording barograph, and find it much eas’er to observe 
the changes of the weather from the rise and fall of its 
inked trace than in the dayl when the old gsme of tapping 
the barometer prevaileckin our households; the barometer 
might have fallen J inch and returned again duriiijg the 
night, but we Were none the wiser. The physical labora- 
tories think in continuous projectioif! but in many fields 
of bioloi^cal wcg*k even the effort to obtain continuous 
data has not vet begun, especially in tropical agnculture. 

‘ ^12 
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Uutil .the' author had familiarized Egyptian workers iti 
agriculture with his “boiling curves,” even the best- 
informed of them were under the impression that the 
tjiree “ pickings ” of cotton-fields corresponded to three 
separate orgasms of energy on the part of. the^plant; 
in point of fact there is, some accidental justifical^ion for 
the origin of this belief, bvt tb belief long outlived the 
circumstances which gave rise lo it. 

This idea of converting our fragmentary knowledge into 
a continous sequence was in the author’s mind at the very 
beginning of his Egyptian work, but not definitely formu- 
lated in working methods, excepting for a conviction 
that, becailse much work^on the cotton crop in bulk had 
failed to yield many generalizattons, it w'ould be worth 
while to work in the opposite way, by studying a few plants 
carefully, and from this — ^as methods developed to make 
possible the study of many plants carefullj^ — the drift 
towards contihuity became apparent. 

The practical objection to developing continuous 
records is that, unless assistance in some form is availablte, 
there can be no day of rest for tbe observer, fpr a single ^ 
day or period omitted from the records spoils two 
intervals, the one before and the one after. 

The collection of bolls on successive days is not entirely 
satisfactory, since there is a slight subjectivity involved 
in deciding whether a boll is fully open or mot ; and unless" 
the .same observer Van always collect the material each 
day, this may lead to slight irre{||lariti^, though only of 
. a single day in either direction, the fully open bolls being 
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fairly definite. More precision can be obtained by label- 
ling flowers on successive days, and collecting the bolls 
which ripen from them some seven weeks later. In this 
case the boll can be left on the plant as long as may be 
convenient, but the method involves more trouble and 
risk ot mistakes in identification^,. 

In either case absolute exa^jtitude is unattainable, since, 
although the maturation^eriod is definite {vide supra) for 
any given strain, it also has a definite range of fluctuation 
from accidental circumstances acting on the individual 
boll or plant . The probable error of the maturation period 
is 3 per cent, in Egypt ; this on forty-eight days is one and 
a half days, or, in other words, Jialf the bolls (fbserved will 
mature between forty-six and a half and forty-nine and 
a hhlf days, and no ordinary accident can make the boll 
take more than fifty-three or less than forty-three days. 
Therefore, even if wc define either end of the maturation 
of titer f)articular boll with complete precision, we cannot 
be quite sure of t)ie»age of the boll at the other end on any 
given day; we can, however, define exactly what the 
chances ^re, and front this we can deduce the size of 
sample necessary to smooth out these accidents. In 
practice a ten-boll sample is quite satisfactory, and fifty 
bolls are ample. 

The seed-cotton so collected is weighed to determine 
the average weigh! of the boll-content, combed to^ deter- 
mine lint length, and ginned with concurrent determina- 
tion of the ginning out-turn and tHe mean seed weight. 
Subsequently ^he lint is graded, and tested for break- 
ing strain. The numerical statements thus obtained 
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cover, a great part of the results described in tHe text of 
this book. Other determinations, such as dianieter of the 
lint hair, weight of a centimetre of the lint hair, thickness 
of the wall, amount of twist, etc., have been made only 
on samples chosen as typical of particular, sets of cir- 
cumstances. 

Ginning . — the samples y^^re /jinned on a 1 2-inch roller 
gin made by Platt Brothers tn Oldham. The author is 
indebted to this well-known firm for the very courteous 
loan of one of their 4-inch “Missionary ” gins to use in 
England, wliile awaiting the arrival of a little Churka gin 
from India, but these two latter implements were only 
used for aVjmall part of tl;ie work here described. 

The 12-inch gin was run at about twenty-five revolutions 
of the roller per minute by hand, thr.s slow speed being em- 
ployed in order not to damage the fibre unnecessarily ; in 
the ordinary way these hand-gins depreciate the quality of 
fine cotton v€^y noticeably. For small samples Tftplittlo 
Churka gin, or its modification with a twist -geared iron 
upper roller, isiextremely useful, being so easily cleaned, 
and for work of this class it would be worth while for any 
investigator to make, or have made, a rather larger and 
improved form of this implement. The ordinary roller 
gin necessitates some troublfesome attention to insure 
that the ginning out-turn is correctly obtained, since lint 
coming off the roller is liable to be lost by coiling to\ind 
the roller axle. , In any case "a canvas shoot should Be 
mounted on a light frame wliich is clipped under tke 
beater-blade frame, in order to oSkch the ^ijeed, whibh other* 
• wise has to be picked out of the interstices of the machine. 
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Oinning Out4um,^ThQ determination of this ratio of 
lint to seed“Cotton, which we now know to he specific for 
each strain, just as lint length is, with fluctuations, is 
best effected by weighing the seed-cotton, and then the 
lint giimed from it. 

Froip the figure thus obtained^ together with the mean 
seed weight, one can oh^jain^the weight of lint per seed 
by computation. Determinations by weighings of the 
seed are unsatisfactory, as a small percentage of seeds are 
always lost in the act of ginning, though the use of a 
canvas shoot and a loose overhead cover reduces this loss 
to about 1 per cent, with the 12-inch gin running as fast as 
two men can turn it. 

The weighings and computation (by shde rule) required 
to Obtain the ginning out-turn can be done in about five 
minutes per sample. If the seed-cotton is weighed out 
against a fixed wenght of 20, 50, or 100 grammes, there is 
theirerily one w(Mf^hing to be done with lome weights, and 
the out turn can be <i«lculated by mental arithmetic with- 
out much risk of making a mistake. This reduces the 
time reqyired considerably, but it still requires three or 
four minutes per sample. By a simple modification of the 
steelyard, provisionally patented as* the “Slide-Rule 
Balance,” this time was cut down to less than one minute, 
which is a matter of net little importance when hundreds 
of samples have to b e dealt with. This balance ^orks with 
two riders and two pans, movement of the primary rider 
bringing it into equilibrium with the seed-cotton on one 
pan, and movenjent of the secondary rider on the unaltered 
primary bringing the lint into subsequent equilibrium, 
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on the other pan. The primary rider is so graduated 
that the position of the secondary rider upon it shows 
the percentage of the second weighing to the first weigh- 
ing, and thus there is only one figure^ to write dowTi — 
namely, the ginning out-turn as desired. A simpler* form 
with one rider operates for a fixed weight of seed-potton 
only. ^ r 

Seed Speed and accuracy in determining the 

average weight of the seed in a sample are best obtained 
by weigliing out 10 grammes of seed, and su^^sequently 
counting them. 

It would appear quicker to count a hundred, w^eigh 
them, and obtain the mean weight of one seed by shifting 
the depimal point. Actually, how^cver, the time occujiied 
in weigliing with loose weights is miicji more than in weigh- 
ing out seed to a fixed weight and then using the slide- 
rule. Ten grammes is a useful size of sample. 

Lint i/c??g'/i^,-i-Throughout,the author’s w'ork oiTCoiton 
this important feature has been determined by measure- 
ments made on tiic seed, and not by “ pulling ” the lint. 
The disadvantage of so doing is thait the measurements do 
not coincide with the length of the pulled lint, as the 
grader, spinner, and trade, express it, ‘and, moreover, seed- 
cotton must Be at hind to measure. 

The advantages far outweigh tjiese disadvantages, as 
the method is far more accurate, and the conventional 
statemSnt can always* be obtained by the 4 iddition of a* 
number which is conetant for aiw given strain. ThuiS 
33 millimetres “ combed ” len^h is 40 millimetres 
‘ pulled ” length. BJany of the uncertainties which have 
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crept into our beliefs about cotton may be traced to this 
handling of lint only, though, if it were practicable to 
adopt the method of measuring single fibres initiated by 
O’Neill, many of these could be eliminated. 

Th« three methods are as follows : 

(ti) Single-Fibre Measurements. — Lint hairs whose ends 
are visible on the outside of a lohse heap of lint are pulled 
out one by one, laid down \pth*the wet finger on black paper, 
and measured with dividing compasses. (In all measure- 
ment work it is necessary to use dividers which are after- 
wards placed on a scale, since subjective error comes in if 
the scale is directly applied.) Provided that microscopic 
examination is included in the programme to insure that 
eaoh fibre is unbroken, the fesult in good samples has 
a probable error for single fibres of about 10 per cent. 
O’Neill’s original figures for Sea Island work out at about 
SJ per cent. Thus the measurement of 100 fibres gives 
a gj^oh-ible error of 1 per cent., or 25 fibres 2 per cent. We 
shall see below that the same precision may be obtained 
by combing six seeds only as by measuring 25 fibres. 
There can be no doubt as to the relative ease of manipu- 
lation; single fibres are quite easy to handle in a good 
light, but any prolonged work witl\ them strains the 
eyes severely, as the aiit^pr knows oi^y too jivell. 

(6) Pulling,-- The grader takes opposite sides of a lump of 
lint in the whole grip of each hand and draws them apart; 
.he then grips the projecting fringe of one h.^lf between 
finger and thumb along a straight ^lind and draws again; 
the digtance from the grip to the end of the fringe gives 
the length, anfl the “hardness of the edee” rives the 
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regularity of length. The details of pulling vary between 
different places, .and between the graders of different 
kinds of cotton, some laying the pulled fibres repeatedly 
over one another, and then extracting* a tuft from this 
parallelized group and placing it on the coat sleeve. 
This latter method is the more objectionable of the two. 
in that it extricates the longest fibres every time ; but the 
same objection applies to both, i^mely, that the measure- 
ment is a measurement of the longest fibres and of the 
strongest fibres. This is unimportant to the skilled 
grader, who knows instinctively how to allow for it, but 
it leads to complete misunderstanding on the part of 
amateurs wljo attempt to copy him; and it should be 
remembered that any persoii who has spent les.s than ten 
years in the daily grading of cotton, and has not in addi- 
tion been born with the instinct implanted in him, is an 
amateur at cotton -grading. 

Further, it is not easy to measure the exact lengUi of a 
pulled tuft, it having two vaguely defined ends instead of 
one, as the lint has which is combed in sitn on the seed , and 
measurements are therefore just four times as incorrect. 

(c) Combed Seed-Gotton . — The sample of seed -cotton to be 
measured is broken up into five, seven, or ten bundles, 
according to the accr.racy desired, seven being the usual 
number. Each bundle is picked up in turn, pulled into 
two halves, and the first seed seen separating from the 
rest in the*gap is picked out for^ combing; jj^he choice of • 
the seed is this way is n|»arly random, and if it is dependent • 
on any.'property at all, it probably depends upon th^ twist 
of its lint, and not upon length . 
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Each seed is then combed with a smaD-t,ooth comb 
frpm the tip of the seed towards the butt, and outwards, 
at first lightPy to disentangle the basal portion of the 
hairs, and then^ftrmly, holfling the seed and all the dis- 
enUngled basal portions tightly between the finger mid 
thumb of the left hand to prevent them from being torn 
apart. Finally a few ^strokes of the comb carry away 
any broken or detached|fibres, and tMfe seed is left with 
a halo of lint around it, chiefly at the basal portion. If 
the regularity of the lint is also under examination, more 
careful combing is employed to set each hair out along 
the radius of a circle with its centre in the seed. 

The seed with its flat halo of lint is la^i on a dark 
background, held down by the forefinger of the left hand * 
resting on the seed ; one leg of the dividers is then brought 
up against the butt of the seed, and the other is swung 
around and adjusted until it moves along the edge of 
thghalc. Successive measurements ma^in this way on 
the same seed vary only 1 millimetre, so that the halo 
edge is obviously quite definite, even ip poor cotton. 

The mean of seven^pieasurements has a probable error 
of less tlian 2 per cent., even in samples which consist of 
cotton damaged by -premature opening, boll- worm, etc., 
and is thus better than twenty-five •measufements made 
on single fibres. 

The time occupied in the complete cycle of operations 
. is ten minutep, or, when two persoifS are working together, 
•about four minutes. 

Th^ reason for the superiority of the seed-combing 
method is obvious; it eliminates systematic variations 
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of length between various parts of the seed, and measures 
the mean maximum length, leaving only the fluctuation 
from seed to seed to be wiped out by sampling. The 
application of statistical methods has b^en of the utmost 
sei*V’ice in this matter, as may well be realized on consult- 
ing works which quarrel with 0 ’Neill’s original method, 
because damping causes tlie fibre /o stretch a millimetre, 
or for similar rca^fc)ns. We arqrnow able to prepare a 
numerical statement, of any desired degree of precision, 
in a reasonably short time and without eye- strain. 

But it should be observed that such a method is a 
research tool, or a means of exchanging ideas, and no more. 
While we an^ateurs are working out the lint length of a 
sample by ten minutes of effort, the grader will satisfy 
himself in as many seconds. It is ajso curious that tJie 
precise method should be tlie reverse of the convenient 
method, for the apparent length of cotton on the seed- 
even after comb^g — is most deceptive to the eye.*^ ^ 

Exainiimtion of the Lint . — The chief characteristic 
examined in the ginned lint, apart from grading, is the 
strength, since length is preferably determined in the 
seed-cotton state. Before treating of strength-testing 
we may mention one or two minor* features for which 
special methods have^been found useful. 

Diameter . — ^There is a more speedy way of determining 
diameter than by the micrometer eyepiece. If a camera 
lucida i8%et up, the ma g^iification pf its setting determined 
by drawing an object piicrometer scale with it, and the* 
diameter of fibres then drawn on a fresh sheet of paper, 
the mean diameter of a large number of fibres can be 
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obtained very quickly. The fibres are mounted in a 
parallelized tuft, and observed in the middle of the tuft, 
or elsewhere as may be desired, and an H -shaped mark 
made on the drawing paper to define the two margins of 
each fibre* the cross-bar of the H tying together the fVo 
paraljel margiijs in order to prevent confusion. The 
magnification should l*e so^adjusted that each H is not 
less than 10 inillimetrefAwide, and tlfe mean width can 
then be taken with a millimetre scale, or by a simple form 
of instruyaent for totalling small lengths, which consists 
of a lever bearing a stylus and revolving a drum by means 
of a friction ratchet, or — where cheap labour is available 
— by cutting out cacli H from the papery and placing^ 
them edge to edge in a row. ^ 

Weight . — ^The coi^iparison of weight of equal lengths 
of fibre miglit be exceedingly useful, but until we can 
devise a machine wl.ich will count single lint hairs it must 
rottiahrimpracti' able,* on account of the strain on the 
eyes, which is fai; 'vorm tlian in isolating single fibres. 
When impact-testing of strength is employed, the two 
may be.combined, and the fibre- counting necessitated by 
the one be utilized for the other. 

Some seventy to a hundred fibres having been counted 
out, they are fixed acrosit a gap in a* piece bf stout paper 
under slight tension ty a drop of sealing-wax at either 
end. Twenty millimetres are then cut out of the centre 
’ by scissors, (W Uy two safety razor blades mounteef parallel 
*in a brass holder. The bunch of 2-ientimetre lengths thus 
obtained is bundled up and hung on the hook of a* micro- 

See, however, note on p. 102. 
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balance, and the weight calculated to that of 1 centihietre 
of a single fibre. * 

The micro-balance used by the author was home-made, 
the torsion spring being fine capillary gla^s rod, mounted 
with sealing-wax at either end into a frame made of ^ass 
tube. The transverse lever was made of fine capillary 
glass tube, ^vith a hook at one ondito hold the fibres, and 
a counterpoising tall, the motion ff which was observed in 
a mirror; a drop of sealing-wax united the lever to the 
torsion rod where they crossed, and the particular instru- 
ment employed was thus easily made to give 50 milli- 
metres deflection for 1 milligramme, which was sufficiently 
sensitive for preliminary purposes. 

The probable error of fibre-weight determinations 
would seem to be high, but the greater part of this is due 
to difficulties in sampling. 

Strefigfh.— The original work upon the breaking strain 
of single fibres that of O’Neill, who rightly ol?Serves 
that : “ Experimenters appear to have l;een deterred from 
manipulating with the individual hairs, on account of 
their .'smallness and lightness.” jO’Neill’s paper has 
suffered from endless citation, but it was a very neat and 
accurate piece of work. The number of fibres he exam- 
ined was not Hiffficientf to give the general certainty to his 
figures which have since been attributed to them, only 363 
fibres in all having been tested from seventeen different 
samples,^epre8enting about two weeks’ stdhd^r work with 
the method he employe^- But he published all his figures. * 
From these we can work out the statistical signifioence, 
which is the same as ,Mr. Hughes and the author have 
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found— namely, for length a probable error of about 
10 per cent., and for breaking strain about 16 per cent. 

O’Neill used a cylinder floating in water which could 
be withdrawn from a stopoock, thus increasing the strain 
on ?he flbre fastened to the top of the cylinder. Subse- 
quent workers .have modified his apparatus, notably Yves 
Henry; but the metliod remained slow — about fifteen 
minutes per test —and iequired the ifte of skilled labour 
throughout. Mr. F. Hughes made a great advance in the 
method J;)y mounting the fibres across a hole in a piece of 
black paper with sealing-wax ; this paper could then be . 
hooked into the testing apparatus, the sides of the hole 
cut through, and the fibre was then free be strained;^ 
w*e subsequently found that this device had been em- 
ployed independently by other workers, but the merit of 
it from our point of view was that all the preparation could 
be put into the hai.ds of a native lab-boy, and only the 
aictuaf" testing d^ne by skilled labour, atfthe rate of about 
five minutes per tc«t. Mr. Hughes further arranged that 
the load should be applied at a fairlji constant velocity, 
by putting a fine-draiwn tube in the stopcock outlet, and 
thus obviated one of the main objections to the old form 
of the appliance. 

The immediate cause ^f this strehgth-tdfeting work was 
our mild dissatisfaction with the spinning industry, who 
complained that Egyptian cotton was not so strong as it 
used to bef but could not produce ^sufficient figures to 
carry conviction to the grpwers ^nd official bodies con- 
cernfJd, although many were prepared to believe it. It 
was felt, quite rightly, that some beginning must be made 
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in keeping. numerical records of some sort; and Since it 
was obviously impossible to set up spinning tests in 
Egypt, data as to breaking strain of single fibres were 
better than nothing. 

From Mr. Hughes’ data it appeared that with pfoper 
sampling the probable error of single fibres was 15 per 
cent., so that a test made on fifty-six fibj’es would have a 
probable error of ^2 per cent., in other words, that 
strength-testing could be made as accurate as length- 
testing without using an enormous number of fibres. 
Even at five minutes per fibre this meant an hour 
for each sample, and, as the author had one scries re- 
quiring testing which alone consisted of sixty samples, 
he cast about for some method of speeding up the proce?<s. 

Automatic Tester . — ^Thc outcome of some weeks of 
instrument-making in spare moments \\'as a home-made 
machine which tested fibres one by one automatically, 
at the rate of on^ in twenty-five seconds, and single-fiba*e 
testing became practicable on a large scale. At the same 
time the instrument is — or, rather, was — a purely labora- 
tory appliance, since it necessitated the native lab- boy’s as- 
sistance to mount up the fibres on cards some\^'hat similar 
to those used by Mr# Hughes; these cards were loaded in a 
magazine, and* the aifthor’s part* in the testing consisted 
> in aligning the magazine to the tester proper, cutting 
the cards and pulling over a switch. The magazine then 
swung iit to the testing-points and placed’ a pair of half- * 
cards upon them, with, 10 mm, of fibre connecting them, * 
moved away, and stopped. The tester then strained the 
fibre at a constant rate against a spring-balance which 
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recorded the strain on a drum. When the £bre gave 
way the balance returned to rest, the drum moved on to 
receive a fresh trace, the broken fibre with its cards was 
thrown off, and, j5ie clutch the magazine being pulled 
out fift the ^ame time, the cycle of operations started a^ri. 

Thg set of cards in the magazine having been dealt 
with, the paper was removed from the drum, and a fresh 
magazine inserted, witli| a *fresh batCh of fibres. The 
mean breaking strain was obtained quickly by adding up 
the total ^deflections of the balance as marked on the 
drum with a map-measurer, the whole operation with a 
magazine of twenty fibres taking eight minuteK, most of 
which was simply spent in watching the mm^jhine do the 
work (PI. XVI.). 

Impact Testing. — t)n leaving Egypt the author lost this 
automatic tester, because some parts of it had been made 
with Government nuilcrial. The task of reconstructing it 
wi»s raflier formidable and a timely ^ suggestion was 
derived from a psiper by Mr. J. H. Lester, in which he 
points out the value of ballistic testing of yarn. The 
chief feature, from the author’s view-point, is that bunches 
of yarns or fibres can be tested together. If several 
fibres are slowly strained to determine the breaking 
strain, the rupture of the? first one throws its share of the 
load on the other^. wlpch therefore yield in rapid succes- 
sion, and the result is meaningless. 

’ In impactiesting, on the other hhnd, the fore'e measured 
*ia kinetic, the breaking of each fibijp subtracting a definite 
amouftt of kinetic energy. 

The simple home-made form of tjie implement devised 
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by the author consists of a pendulum, a catch to’ hold it 
at a definite altitude, and a smoked plate on which the 
pendulum traces its swing with a delicate bristle stylus. 
At the lowest point of the swing the apex, of the pendulum 
meats the end of a slot in a piece of tough paper and carries 
it along with it. In so doing a bunch of fibres is broken, 
these fibres having been mounted across a gap 10 milli- 
metres wide in th^ after-portioiyof the paper, and left to 
bear tlie shock of the impact by cutting the sides of the 
gap as before, the portion of paper remaining Ijehind the 
gap being lield firmly by a peg. The pendulum swings 
up to a certain point when it has only the inertia of the 
slotted picco of paper to overcome; when it also has to 
fracture a fibre or bunch of fibres, it swings up to a less 
extent ; the difference is measured from the smoked trace, 
and gives by calculation the number of gramme-centi- 
metres of energy expended in breaking the fibres, or (on 
dividing by tlie jiumber of fibres) the resistance to impact 
of a single fibre. 

The method has great advantages, but requires very 
careful sampling, if the full advantage of speed is to be 
secured, and it also necessitates the counting of single 
fibres. It will probably be possible to introduce a 
machine whic^h will ' obviate both these ebsad vantages, 
and make such testing a practicable, piece of routine. The 
time occupied in making the tests with the ordinary 
machhie works out at thn minutes for each complete cycle ' 
of operations on each })unch of ten to twenty fibres, five 
of these being tested for each sample. The probable error 
of determinations thus made is very low, since a bunch of 
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a su gle, fibre. The whole difficulty lies in sampling, 

and the result, obtained with the impact tester wiU- serve 
to illustrate the points in general. 

■ ^Mi/i3._lt‘miglit app*ear easy to obtain a unitp^m 
lof of fibres by rcpeatc.l drawi.,g of the lint, ovcrla^ng 
tufts on one another, and dravvfing again from these. Tn 
point of faid the only reliaole way i»to pick the hairs 
one by one at random from those projecting out of a 
loose lump of lint, as O’Neil] did. Again, it should be 
noticed, flie amateur and the grader obtain the best 
results from exactly opposite methods. 


Illustrating the difiieulty of sampling froji numerical 
obtained with the impae.t testi*r, and leaving the numbers 
in j;hcir arbitrary s(;ale. (akiui direct from the notebook, 
W(i obtain sucli n'sull s as tilt* following : 

Small tuft of about 500 fibres taken from a square milli- 
metre o£4^^1ie butt mI a single seed, and tested in bunches of 
1, 5, 7, 10, 12, it, 1(> and IS fibres respectively, worked 
out at the following strengths per fibre; 125, l-GO, 1-85, 
2-00, 1-40, 1-85, 1-70, and I BO.XThe variation is slight, 
though the absolute strength is very low. 

Another seed of the same sample w^s tested from six 
points round it, two on either side-#-one fmm the short 
hairs near the tip, and one from the butt; tw^elve hairs in 
each sample ; strength per fibre was— Tip 2* 5, butt 4- 2, left 
side* 5-4 and 0 4ii right side 31 and 31. The* variation 
is increased, probably because the nutrition varies accord- 
ing to tjie proximity of the particular hairs to the va^ular 
bundles which ^supply food-substances. 


13 



194 . THE DEVELOPMENT OP RAW COTTON 

' Taking next' a small tuft picked at random from a good 
sample of pure-etrain ginned lint, and testing successive 
bunehes from it, we find a moderate amount of variation 
due to the previous causes: Six fibres; 2-8, 3*3, 3-6, 3*7, 
eight fibres, 3-6, 2*2; ten fibres, 3-2, i-1; twelvefibres, 
4- 2, 5‘ 9 ; fourteen fibres, 3» 6, 3- 4, 3-4, 3- 3. It will be noticed 
with sufficient clearness for our present purpose how the 
probable error is decreasin^g as larger bunches of fibres 
are taken, and the fibre to fibre variation is eliminated 
thereby. 

If now, instead of taking a small tuft frofti one part 
of a good ginned sample, we take tufts from seed-cotton, 
such as were used in one of the series hereafter to bo 

A 

described, we find that it is impossilde to sample effeet- 
iyely." The strength of the lint in the 1013 series of 
dated bolls was — owing to circumstances — necessarily 
determined from unginned cotton. In order to obviate 
the disadvantage of losing the mixing action qf the gin, 

iif Q 

the following routine was practised. Each sample was 
broken into five lots, one for each impact test ; 
each lot contained usually from fifty to 500 seeds^ 
and ten tufts of lint were drawn from each lot, ‘each tuft 
taking some fibre^from not less than tliree seeds. These 
ten tufts were rolled up togejher, then pulled straight, 
and a wide layer drawm out as in grading for regularity ; 
this layer was then drawn dowh right and left until a 
count|iblfe number of fibres remained,^ these .were 
tested. The figures obtained with all these precautions 
are given subsequently, 'and it will be seen that, although 
they give five-day means with a probable error of 6 per 
‘ cent., which is good enougl? for our purpose^ the bunches 
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so carefully extracted in such a way as to incilude fibres 
from all parts of each of the five lots are very often ex- 
tremely wfidrthe probable error for the average* of a 
single bunch is 21 per cent.^ Had it been practicable to 
effect the work on ginned lint, this figure would have^f^en 
very much lower; but it is quite useful to have a detailed 
example of these sampling difficulties, for the routine 
method just described was^mdst strictly^ollowed in obtain- 
ing every bunch tested in the Daily Picking Series of 1912. 

Grading.— The only grading data included in the 
account ol the dated samples are those for strength. The 
determinations were made by Mr. Harold C. Thomas, of the 
National Bank of Egypt, Alexandria, and th^ are a strik- 
ing instance of the accuracy which the grader’s hands 
can attain; the samples graded were about 8 grammes -in 
weight, and were given to Mr. Thomas in irregular 
sequence, in tliree separate batches, marked with dummy 
reference numbers which bore no relatiop to their actual 
daily sequence; Mr. Thomas knew only that he was 
grading these dated samples from a fapiiliar pure strain. 
*In spite of these precautions against subjectivity, it will 
be seen that his hands assigned sample after sample to 
what was obviously its correct place m relation to its 
neighbours, and that there are only one* or two wild 
points in his strength curve. 

Such results emphasize the futility of attempting 
•to ’introduce, st-called “ scientifi® methods ” imto the 
nrdinary commercial practice; grading by hand has its 
limitations, and so have the scientific methods; ea6h has 
its proper funetion, and the results of each are of interest 
to the othe». 
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TABLKS OP STATl'rriCAL DATA 
These tables emhodv the results diseussed in (hap- 

* C 

ter IV., and they show the j)ro|)erties of samples of 
cotton formed on sueeessive days of tlie season. The 
same pnr^‘ strain " of eotton was emj)loyed in both the 
Dated Flowers Kxperimeiit of 1912 aiul the Daily Piek- 
ing Experiment of 1913. so that ai^v ditfenmees between 
different simples are solely dn(‘ to the action of the 
environment on the plants, and not to any differences of 
inherited const ^ utioii . 

The differences bet ween various samples as nnmerically 
expressed in the^e tables embody in addition certain un- 
avoidable experimental errors, so t)iat two samples might* 
be identical and y(^t not give exactly the same inimerical 
results. These eivi’ors have been reduced as far as was 
practicable in the' execution < of the work, and have 
been further obliterated by working out "five-day 
means. ' 

Tabk^s t. and 111. pr(*seni t he actual experi, mental figures* 
for each lint hair, seed, or sample, examined in the twd 
experiments. Tables IT. and TV. summarize the average 
results for each five days. Thus the figures given in these 
\m 
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tables .on August 14 are the means of thl corresponding 
figures for August 12, 13, 14, 15, and 16, in Tables.!, and 
III. ; while the.figiires for August 15 are the corresponding 
means for August 13, 14, 15, 16, and 17. The five-day 
mcags thus obtained are tlie data plotted in the curves 
of Figs. 14 and 15. 
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TABLE II. 

DATED FLOWERS, 1912 
(Data smoothed to PrvE-DAY Means). 
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TABLE II . — Continued 

DATED HOWERS, 1912. 

(Data smoothed to Five-Day Means). 



- 

Lint. • 



Shod 

Weight in 
Grammes. 

‘Date. 

• 

Length | 
in Mini. 1 

Breaking Weight per ' 
Strain in ! HomI fit 

Weight 

Out-tum 
per Cent. 


melres. *j 

Qrammee. 

Grammse. 

Regression. 



lAug. 11 

3M0 i 

9-0 - 

0-0392 

o-olbo 

29-2 

0-094 

12 

30-80 1 

8-0 

0-0382 

0-0406 

29-3 

0-092 

„ 13 

.30-40 I 

7-fi j 

0-0395 

0-0426 

30-2 

0-091 

14 

30-30 ' 

7-4 1 

0-0392 

0-0430 

30-1 

0-090 

„ 16 

•30-10 ! 

7-H i 

0-0408 

0-0440 

30-4 

0-092 

M 10 

29-95 

7-9 i 

0-0405 

0-0436 

30-1 

0-093 

» 17 

29-96 

7-4 ' 

0-0402 

0-0438 

30-4 

0-090 

., 18 

30-30 

7-8 ! 

0-0386 

0-0432 

30-3 

0-089 

„ 19 

30-45 

7-4 ! 

0-0383 

0-0438 

30-5 

0-089 

20 

30-60 

7-3 

0-0^0 

0-0440 

• 30-9 

0-086 

„ 21 

30-30 

7-2 

0-0378 

0-0450 

31-1 

0-085 

• „ 22 

29-85 

7-2 

0-0375 

0-0462 

31-0 • 

0-Q86 

M 23 

; 29-30 1 

0-0372 

0-0480 

30-9 

0-082 

„ 24 

: 29-(K) 

7-2 

0-0358 

0-0520 

30-9 

0-080 

„ 2J 

' 29-(MI 

7*2 

0-0368 

0-0625 

31-1 

0-080 

„ 2fi 

29-10 

7-3 

0-0348 

0-0625 

30-3 

0-077 

o » 27* 

i 29-50 , 

8-5 I 

0-0348 

0-051^ 

30-3 

0-078 

M 28 

29-35 1 

8-4 1 

mm 

0-049^ 

30-3 

0-079 

t. 29 

29-40 ! 

0-4 j 

0-0360 

0-0470 

30-2 

0-079 

„ 30 

28-70 

; • 7-7 ! 

0-0366 

0-0480 

30-2 

0-080 

1 

I » 31 


7-2 

0-0348 

• 

30-7 

0-079 

' Sept. 1 

1 ,! 2 



6-(J 

i 0-0338 


31-2 

0-076 



5-0 

0-0315 

— 

31-0 

0-070 

t, 3 

1 ~ 

1 4.4 

0-0305 

— 

— 

— 

„ 4 

j — 

j . 3.7 

— 

• 



. 6 

j 

I 2-8 

— 

— 

— 

— 

» 6 


j 2-0 ^ 

— 

• 

s _ 



# 

NOTES TO TABLE II. 


* July 7 and S ate necessarily blank because there are ift) pjecedent data 
with which to term a five-day mean for them. o j » 

The columns for “ Length,” “ Breaking Strain, Lint Weight per Se^, 

” Out-tum,” and ” Seed Weight,” are ooi»puted to five-da'y mwns directly 

Weight Regreeaipn” is additio^. It 
The column © seed, would have borne each dav tf 

g.umr-in weight, .nd if the UntLd 
been constantly 30 miHimctrcs loag. 
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TABLE IV. 


. DAILY PICKINGS, 1913 

(Data smoothed to Five-Dae MeanS). 
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TABLE IV. — Continued. 


DAILY PICEmOS, 1913 

(Data smoothed to Five-Day Means). 
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, TABLE IV. — Continued. 


DAILY PICKINGS, 1913 

(DitA SMOOTHED TO PlVE-DiY MEANS). 
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NOTES TO TABLE IV. 

The eolumns for “ Length ” and “ Strength " are obtained in the same 
way as in Table 11. * * 

The column headed “ Length by Pulling, in Tnehes ”* has been added 
to give a basis of comparison with the ordinary expression of lint length, 
and also to show the unreliability of length determinations made by 
“ pulling,” as compared with combing the seed-cotton. This determination 
was made on each sample from September 1 to October 20. 
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Picker, mechanical, 165 
Picking, daily, 89 
Pickings, 93, 178 

short-period^ 116, 120, 133 
Pickle. 71 

obliterates pits, 78 
Pigments of seed, 71 
Pitch of convolutions of lint, 949 
Pits in lint hair wall, 74, 78, 147 
Plant, behaviour of, 162 
a m^hine, 21 
physiology, 173 
Plant-development curves, 165 
Plots, experimental, 158 
Poisoning, 97 
by heat, 25 
self-, 99 
Pollen, 16, 60 

prepotency of, 64 ^ 

Pollen-tube, 62 
Practical man, 178 
meaning of, 160 
and scientific methods com- 
pared, 184. 193, 195 
••Primitive cotton, o 
Progress, 170 
Protoplasm, 59, 140 
Pulled cotton, 140 * 

Pure forms, bred from crossing, 15 
linos. See Pure stfains 
«ftrain lint, 138 

spins better than 
grader’s estimate, 146 
pollen, 62 
properties of, 97 
testing, 165 
used, 68 

strains, 17, 106, 127, n43 
characters of two, 20 
formation of, 167 

Quality of^t, 103 
of pickings, 116 

BHin storm8^162 
Reaction oa^bility, 42 


I Reasons for c»)p, 166 
I Records of crop condition, 163 
i Register ol seed, international, 169 
I Regularity. See Uniformity 
; of lint, inherited, 10 • * 

I Renewal of seed, 17, 168* 

I Research, conditions oft 124 * 
on crop, 156 
methods, 186 

Reversal of convolution8,448 
^ Rogues, detection of, 132 
I Romance of the trade, 154 
' Root, 93, 118, 121, 159 
im(f)ortance of, 24 
' Koot-intorferonce, 34 
Root, size of, 36, 38 
interference. 34 
size of, 36, 38 
and water, 28 
Routine crop records, 171 
Rule of thumb, 126, 153 

Salt, absorption by plant, 20, 39 
in cells, 20 • 

Salted soil, 39 
Sample, size of, 179 ^ 

Sampling lint, difficulties of, 193 
^affolding of the plant, 40 
rate of building, 46 
Scatter of plots, 160 
Schweitzer’s reagent, 74 
Science, a% intermediary, 125 
opportunity of, 164 
and the trade, 163 
• Scientific methods, function of, 195 
and. practical methods com- 
pared, 184, 193 
Season’s growth, 43 
Seed, change of, 20 
classification by, 3 
and cultivation, relative im- 
portance of, 133 
*developflient of, 63 
fluctuation of hairs on, 193 
growth of, 68 
variation of lint on, 120 
number of hairs on, 107 
origin of, 59 * 
renewal, 17 

testing vaneties, with small 
amounts of, 16^ 
weight, 99 

! method, 182 
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Seed<bree4iag« 167 
Seed-coati, 70 ' 
origin bf, 61 

Seed-cotton, combed, 184 
storage of, 140 
study of, 179 
Seedlii^s, 28 
Segregation, 15 
Selection, 13, 20 
natuwl, 17, 129 
Self-fertilization, 168 

a test for constitution, 12 
Senescence, 44, 96, 99 
excluded, 114 
and lint, 76 
and out-turn, 103 
Sex-cells, 59 
Shade, 121 

Shedding, 47, 64, 07, 68, 174 
Shift of curves, 98 

of length and strength curves, 
113 

Shuffling of characters, 128 
Spacing of plants, 34, 121, 157 
Species and subspecies, 11 
Spinner, 116 

grower, and scientist, 58 
benefit of controlled seed to, 
169 

Spinners’ testing-house, 169 
Spinning, 66, 146 
statistics, 189 
and grading, 145 
and growing, 125 
processes, 123 
Skill of grader’s hands, 195 
Slide-rule balance, 181 
Soil, suitable kinds, 32 
temperature, 23 
tilth, 28 
variations, 159 
Sowing, 23 
Sowing date, 157 
Stamens, 60 
Starvation of plant, 31 
Statistics, 95 
Statistical evidence, 169 
Stem, temperature^ects on, 26 
Stomata, 29 f 
Storage of seed-cotton, 140 
** Stren^h,” meaning of, 120 
Strength, grader’s, 144 

and breaking-strain, 108 


Strength, hair. See also Thiekneas 
of lint-hair wall 
(hair), 141 

fiuctuation in, 116 
of hair and weight, 106 
(various kinds, 141 
regularity of, 109 
of yam, 141," 146 
Strong lint hairs, 38 
Struggle for existence, 121, 150 
Study, methods o^, 171 
Stuntii\g, 23 

Style, organ of flower, 61 
Subjectivity in cotton, 162 
Subsdil water. See Water-table 
Sunshine effect, 30 
on lint, 74 

Supply of cotton, 163 

Taggart, W. Scott, 56, 82 
Target diagrams, 130 
Technical terms, definition of, 126 
Temperature, 22, 117 
excessive, 26 
losing control, 93 
of the plant, 26 

Tester, autftnatic, for breaking 
strain, 189 

Testing by impact for breaking 
stram, 108, 191 
by spinning, 169 
varieties, with little setNl, 160 ' 
Tcteturo of lint-hair wall, 141 
Thickness of lint, 74, 77, 79, 
141 - 

of lint-hair wall. See also 
Hair strength 
Thomas, Harold 0., 195 
Time spent in making determina- 
tions, 181, 185, 189 
Tree cottons, 3,46 
Trial and error, 157 
Twist, 78. See Convolutions 
in spinning, 147 

Uniformity, 116, 147, 160 

affecM by cultivation, 129 
of strength in gAiding, 109 
United^States, 28, 35, 140 
cottons studied, 58 
crop, 167 

dependence upon, 154 
Uplands group of cottofis, 0 
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VarWlity of cotton, 19 
^^triaole characters inherited, 41 
Variation, within a bale or a held, 
93 

within boll, J22 
from fibre to fibre, 109 
of lint, etc., 104a 
of lint len^h,^9 
within a picking, 116 
Varietal differences, 128 
Varieties, commercial, 2, 11 
impurity of, 127 
Variety testing, 165 . 

Vegetative branches, 42 

Wall of lint hair, 79 
Waste of opportunities, 154 
Water, amount carried by root, 
36. 

chief factor, 92 
and germination, 20 
and the root, 28 
rotations in canals, 119 
and senescence, 46 
•Watering. See Irrigation 


Water-shortage, 48, 88-96-113 
Water-strain, 90, 44 
Water-table, 117 
Wax, in seed and lint, 27 
Weak lint hairs, 144 
Weather, 104 ^ * 
and BOwiD.^,23 
Weight of lint hairs, 10^ 

Wilting, 29 

Wind mstribution of seed, . 

,Yam, 141 

strength, *146 

1 standardized tests with, 170 

I Yield, ife, 112 
I and boll-size, 48 

breeding for, 18 
determined in advance, 47 
difficult to estimate, 162 
and fiowers, 164 
and growth, 40 
imperfect, 16C 
and spacing, 34 
and staple,^ 
study of, ld7 
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One does not nee^ to be interesled in textiles or m commerce* to fdll the 
fsHlci nation of the world- wide sweep of the movements which affect or are 
affected by the cotton trade. The industry has for some years been passing 
through a critical period with regard to the supply of its raw mate^f. The 
volume of the worm’s crops has been ingreasing rapidly, but the demand has 
increased still more rapidly, with the result that prices have risen in a marked 
degree, and have ftiaintained a very high level. The time is therefore oppor- 
tune for a broad survey of the wnole world’s ♦upplies of cotton, and the 
prospects or possibilities of furJhor increase of supply, either immediate or 
remote. 

The writer of this volume has endeavoured to provide a comprehensive 
survey of tiie production and consumption of the raw material which provides 
nine-tenths of the world’s clothing, as well as furnishing and decorative 
materials, and of endless other new and varied industries from typewriter 
ribbons to aeroplane sails. The point of view is that of the economist, not 
the botanist. The uses of cotton -seed and the various trades into which it 
enters, from margarine and “olive” oil to soap and cattle cake, are also 
briefly described. 
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are interested, econoidically or politically, in tke probable movements of the 
whea^-suppl/ of the vforld.'^—^Vestern Moruj^hg News. 

“ Will be*found exceedingly interesting by all who realize the importance 
df the world’s wheat crop a contribution to the food-supply.”— ^i^Twwtni. 

“The volume before us contaii^ the bones of an epic. The story wUl hm 
^of interest not merely to the farmer, but to everyone who eats bread, 

’ News. 

“A vollTme of tlie first importance lo all who take an >iterest in ^is 
important question, whether as grower, merchant, or bbhsumer.”— i>UMm 
Express. 

PUBLISHlib BY 

A. k C. BLACK, LTD., 4, 5 k 6 "SOHO SQUARE, LONDON, W. 



fruit- ranching 

IN BRITISH COLUMBIA 

"Ry J, T. MEALiHY* h*a« 

w r mi. ■ 

Large Cvowb8vo< Priw3/6^y-, 

iW»M 

perieno^ft.”— 

HOW TO MAKE AN ORCHARD 

” IN BRITISH COLUMBIA 

A Handbook for Beginners 

J T. BEiALBY, B,A. 

, in Cohmhia 

Price 1/6 net 

(Btf jMJsl, 1/^0 , 

,.„1>U.I ..I .Ji.;''"!!-' ''7 ; "J/rtoi taXr, /amlanRU«g«.aud oUh 

:;/;! /..« „...nl-iv.u,. U,c Clloate^ and other matte.. 

X\.r«hich n.r.ett'let’will lie a..tci,..,» to hno«. 

ranching in the 
r* \ XI A ni AN WEST 


}iv 

jiidiOl t> 


Lav^'O Grown Svo. 



rri, miiEU by 

A. & C. B1,AGK. ElU. 4. 6 ^ « SOHO S«UARK, I^ONOON. W. ■ 






